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
.H\ ZRUGV PHWDOORSHSWLGDVH $'$0 DP\ORLG LQGXFHG SOXULSRWHQW VWHP FHOOV SULRQ SURWHLQ
SURWHRO\WLF VKHGGLQJ QHXURGHJHQHUDWLYH GLVHDVH $O]KHLPHU¶V GLVHDVH R[LGDWLYH VWUHVV FHOO VXUIDFH
SURWHLQ
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
$%675$&7
7KH FHOOXODU SULRQ SURWHLQ 3U3& LV D NH\
QHXURQDO UHFHSWRU IRU DP\ORLGȕ ROLJRPHUV
$ȕ2 PHGLDWLQJ WKHLU QHXURWR[LFLW\ ZKLFK
FRQWULEXWHV WR WKH QHXURGHJHQHUDWLRQ LQ
$O]KHLPHU¶V GLVHDVH $' 6LPLODUO\ WR WKH
DP\ORLG SUHFXUVRU SURWHLQ $33 3U3& LV
SURWHRO\WLFDOO\FOHDYHGIURPWKHFHOOVXUIDFHE\D
GLVLQWHJULQ DQG PHWDOORSURWHDVH $'$0 :H
K\SRWKHVL]HG WKDW $'$0PRGXODWHG 3U3&
VKHGGLQJ ZRXOG DOWHU WKH FHOOXODU ELQGLQJ DQG
F\WRWR[LFLW\ RI $ȕ2 +HUH ZH IRXQG WKDW LQ
KXPDQ QHXUREODVWRPD FHOOV DFWLYDWLRQ RI
$'$0ZLWKWKHPXVFDULQLFDJRQLVWFDUEDFKRO
SURPRWHV3U3&VKHGGLQJDQGUHGXFHVWKHELQGLQJ
RI $ȕ2 WR WKH FHOO VXUIDFH ZKLFK FRXOG EH
EORFNHG ZLWK DQ $'$0 LQKLELWRU
&RQYHUVHO\ VL51$PHGLDWHG $'$0
NQRFNGRZQ UHGXFHG 3U3& VKHGGLQJ DQG
LQFUHDVHG $ȕ2 ELQGLQJ ZKLFK ZDV EORFNHG E\
WKH 3U3&VSHFLILF DQWLERG\ ' 7KH UHWLQRLF
DFLG UHFHSWRU DQDORJ DFLWUHWLQ ZKLFK XS
UHJXODWHV $'$0 DOVR SURPRWHG 3U3&
VKHGGLQJ DQG GHFUHDVHG $ȕ2 ELQGLQJ LQ WKH
QHXUREODVWRPD FHOOV DQG LQ KXPDQ LQGXFHG
SOXULSRWHQW VWHP FHOO L36&GHULYHG FRUWLFDO
QHXURQV 3UHWUHDWPHQW ZLWK DFLWUHWLQ DEROLVKHG
DFWLYDWLRQ RI )\Q NLQDVH DQG SUHYHQWHG DQ
LQFUHDVH LQ UHDFWLYH R[\JHQ VSHFLHV FDXVHG E\
$ȕ2 ELQGLQJ WR 3U3& %HVLGHV EORFNLQJ $ȕ2
ELQGLQJDQGWR[LFLW\DFLWUHWLQDOVRLQFUHDVHGWKH
QRQDP\ORLGRJHQLF SURFHVVLQJ RI $33
+RZHYHU LQ WKH L36&GHULYHG QHXURQV $ȕ DQG
RWKHUDP\ORLGRJHQLFSURFHVVLQJSURGXFWVGLGQRW
H[KLELW D UHFLSURFDO GHFUHDVH XSRQ DFLWUHWLQ
WUHDWPHQW 7KHVH UHVXOWV LQGLFDWH WKDW E\
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SURPRWLQJ WKH VKHGGLQJ RI 3U3& LQ KXPDQ
QHXURQV $'$0 DFWLYDWLRQ SUHYHQWV WKH
ELQGLQJ DQG F\WRWR[LFLW\ RI $ȕ2 UHYHDOLQJ D
SRWHQWLDO WKHUDSHXWLF EHQHILW RI $'$0
DFWLYDWLRQLQ$'
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$O]KHLPHU¶VGLVHDVH $' LVDSURJUHVVLYH
DJHDVVRFLDWHG GLVRUGHU ZKLFK LV FKDUDFWHULVHG
E\ DEQRUPDO DFFXPXODWLRQ RI SURWHLQDFLRXV
DJJUHJDWHV LQ WKH IRUP RI DP\ORLGȕ $ȕ
FRQWDLQLQJ SODTXHV DQG QHXURILEULOODU\ WDQJOHV
FRPSRVHG RI K\SHUSKRVSKRU\ODWHG WDX 
2OLJRPHUV RI $E $E2 DSSHDU WR EH WKH PRVW
QHXURWR[LF VSHFLHV ELQGLQJ WR UHFHSWRUV RQ WKH
VXUIDFH RI QHXURQV DQG WULJJHULQJ D YDULHW\ RI
GRZQVWUHDPVLJQDOOLQJSDWKZD\V WKDWQHJDWLYHO\
LPSDFW RQ QHXURQDO IXQFWLRQ DQG VXUYLYDO
UHYLHZHG LQ  $ VXEVWDQWLDO SRUWLRQ RI
$E2 WR[LFLW\ LQ $' LV PHGLDWHG IROORZLQJ WKH
LQLWLDO LQWHUDFWLRQZLWK WKHFHOOXODUSULRQSURWHLQ
3U3& ZKLFK UHVLGHV LQ FKROHVWHUROULFK OLSLG
UDIWVDW WKHQHXURQDOVXUIDFH$E2ELQGLQJ
WR 3U3& PHGLDWHV LQKLELWLRQ RI ORQJWHUP
SRWHQWLDWLRQ/73LQKLSSRFDPSDOVOLFHVDQG
PHPRU\ DQG EHKDYLRXUDO LPSDLUPHQWV LQ
PXOWLSOH$'PRXVHPRGHOV7KHELQGLQJRI
$E2WR3U3&OHDGVWRDFWLYDWLRQRI)\QNLQDVHD
ORVV RI VXUIDFH 1PHWK\O'DVSDUWDWH 10'$
UHFHSWRUVDQGVXEVHTXHQWSKRVSKRU\ODWLRQRIWDX
 $ȕ2 DOVR FDXVH LQFUHDVHV LQ UHDFWLYH
R[\JHQ VSHFLHV 526 ZKLFK FRQWULEXWH WR WKH
QHXURGHJHQHUDWLRQUHYLHZHGLQ
*LYHQWKHFHQWUDOUROHRI3U3&LQPHGLDWLQJ
WKHWR[LFLW\RI$ȕ2WDUJHWLQJ3U3&KDVSRWHQWLDO
IRU $' WKHUDS\ UHYLHZHG LQ  ,PPXQR
WDUJHWLQJ IRU H[DPSOH XVLQJ WKH DQWL3U3&
PRQRFORQDO DQWLERG\ ' WR EORFN WKH $ȕ2
ELQGLQJ VLWH RQ 3U3& SUHYHQWHG WKH LPSDLUPHQW
LQ/73FDXVHGE\$E2GHULYHG IURP$'EUDLQ
H[WUDFWVDQGEORFNHG$ȕV\QDSWRWR[LFLW\
IROORZLQJ SHULSKHUDO DGPLQLVWUDWLRQ 
$OWHULQJ WKH FRQIRUPDWLRQ RI $ȕ2 GLVUXSWLQJ
$ȕ2 ELQGLQJ WR 3U3& RU GLVSODFLQJ 3U3& IURP
OLSLG UDIWV EORFNHG GRZQVWUHDP FHOOXODU WR[LFLW\
6HYHUDORIWKHDFWLRQVRI$ȕ2LQFOXGLQJ
DFWLYDWLRQ RI )\Q GHQGULWLF VSLQH ORVV DQG WDX
SKRVSKRU\ODWLRQDUHPHGLDWHGE\3U3&FRXSOLQJ
WR P*OX5  DQG SKDUPDFRORJLFDO
LQKLELWLRQ RU DOORVWHULF PRGXODWLRQ RI P*OX5
UHGXFHG SDWKRJHQHVLV LQ $' PRXVH PRGHOV
 $QRWKHU DSSURDFK KDV EHHQ WR WDUJHW
)\Q GLUHFWO\ ZLWK D VSHFLILF LQKLELWRU WR UHVFXH
WKH PHPRU\ GHILFLWV LQ DQ $' PRXVH PRGHO
 7KHVH DSSURDFKHV KLJKOLJKW WKDW WDUJHWLQJ
3U3& RU RWKHU FRPSRQHQWV RI WKH $ȕ23U3&
VLJQDOOLQJ FRPSOH[ PD\ KDYH WKHUDSHXWLF
SRWHQWLDOLQ$'
$ȕ SHSWLGHV DUH JHQHUDWHG ZKHQ WKH
DP\ORLG SUHFXUVRU SURWHLQ $33 LV FOHDYHG E\
WKH VHTXHQWLDO DFWLRQ RI WKH ȕVHFUHWDVH ȕVLWH
$33FOHDYLQJHQ]\PH%$&(DQGWKHPXOWL
VXEXQLW ȖVHFUHWDVH FRPSOH[ LQ WKH
DP\ORLGRJHQLF SDWKZD\  ȕVHFUHWDVH
FOHDYDJHRI$33DOVR UHOHDVHV WKH ODUJH VROXEOH
HFWRGRPDLQIUDJPHQWV$33ȕ$OWHUQDWLYHO\$33
FDQ EH FOHDYHG YLD WKH QRQDP\ORLGRJHQLF
SDWKZD\WKURXJKWKHDFWLRQRIWKHĮVHFUHWDVHD
GLVLQWHJULQ DQG PHWDOORSURWHDVH $'$0
SUHFOXGLQJ WKH IRUPDWLRQRI WKH$ȕSHSWLGHDQG
JHQHUDWLQJ DQ DOWHUQDWLYH VROXEOH IUDJPHQW
V$33D WKDW KDV QHXURSURWHFWLYH DQG
QHXURWURSKLF SURSHUWLHV  ,W LV JHQHUDOO\
DVVXPHGWKDWWKHUHLVFRPSHWLWLRQEHWZHHQWKHĮ
DQG ȕVHFUHWDVHV IRU WKHLU VXEVWUDWH $33
UHVXOWLQJLQDUHFLSURFDOUHODWLRQVKLSEHWZHHQWKH
DP\ORLGRJHQLF DQG QRQDP\ORLGRJHQLF $33
SURFHVVLQJ SDWKZD\V ,Q VXSSRUW RI WKLV
UHFLSURFDO UHODWLRQVKLS QHXURQDO RYHUH[SUHVVLRQ
RI $'$0 LQ $339, WUDQVJHQLF PLFH
LQFUHDVHG WKH VHFUHWLRQ RI V$33Į DQG UHGXFHG
WKH IRUPDWLRQ RI $ȕ SHSWLGHV  ZKLOH LQ
KXPDQ LQGXFHGSOXULSRWHQW VWHP FHOO L36&
GHULYHG QHXURQV LQKLELWLRQ RI %$&( UHGXFHG
V$33ȕDQG$ȕDQGLQFUHDVHGV$33Į
7KH HFWRGRPDLQ VKHGGLQJ RI PXOWLSOH FHOO
VXUIDFHSURWHLQVFDQEHSURPRWHGE\DYDULHW\RI
FRPSRXQGV )RU H[DPSOH DFWLYDWRUV RI SURWHLQ
NLQDVH & DQG WKH PXVFDULQLF DJRQLVW FDUEDFKRO
SURPRWH WKH VKHGGLQJ RI $33  7KH
YLWDPLQ $ DQDORJ DFLWUHWLQ SURPRWHG WKH Į
VHFUHWDVH FOHDYDJH RI $33 E\ VWLPXODWLQJ WKH
WUDQVFULSWLRQ RI $'$0 YLD LQWHUDFWLRQ ZLWK
UHWLQRLF DFLG UHVSRQVLYH HOHPHQWV ZLWKLQ WKH
$'$0 SURPRWHU  $V $'$0 DOVR
FOHDYHVDQGVKHGV WKHHFWRGRPDLQRI3U3& IURP
WKH FHOO VXUIDFH  ZH K\SRWKHVLVHG WKDW
PRGXODWLQJ $'$0 DFWLYLW\ WKHUHE\ DOWHULQJ
WKHVKHGGLQJDQGWKXVWKHDPRXQWRI3U3&DWWKH
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FHOO VXUIDFH ZRXOG PRGXODWH WKH ELQGLQJ DQG
WR[LFLW\RI$E2
+HUH ZH KDYH XVHG KXPDQ QHXUREODVWRPD
FHOOVDQGL36&GHULYHGFRUWLFDOQHXURQVWRVKRZ
WKDW FDUEDFKRO DQG DFLWUHWLQ SURPRWH WKH
VKHGGLQJRIFHOOVXUIDFH3U3&WKURXJKDFWLYDWLRQ
RI $'$0 7KH UHVXOWLQJ UHGXFWLRQ RI FHOO
VXUIDFH3U3&OHDGVWRDFRQFRPLWDQWUHGXFWLRQLQ
WKH ELQGLQJ RI $E2 &RQYHUVHO\ VL51$
NQRFNGRZQ RI $'$0 UHVXOWHG LQ LQFUHDVHG
FHOOVXUIDFH3U3&DQGDFRUUHVSRQGLQJLQFUHDVHLQ
$E2 ELQGLQJ ZKLFK FRXOG EH EORFNHG ZLWK WKH
3U3& DQWLERG\ ' $E2 ELQGLQJ WR 3U3&
DFWLYDWHG )\Q NLQDVH DQG FDXVHG DQ LQFUHDVH LQ
526ZKLFKFRXOGEHEORFNHGE\SURPRWLQJ WKH
VKHGGLQJ RI 3U3& ZLWK DFLWUHWLQ:HDOVR UHSRUW
WKDW DOWKRXJK DFLWUHWLQ UHFLSURFDOO\ PRGXODWHG
WKH DP\ORLGRJHQLF DQG QRQDP\ORLGRJHQLF
SURFHVVLQJ RI $33 LQ QHXUREODVWRPD FHOOV DQG
UDW KLSSRFDPSDO QHXURQV QR VXFK UHFLSURFDO
UHODWLRQVKLS ZDV REVHUYHG LQ WKH KXPDQ L36&
GHULYHGQHXURQV

5HVXOWV
3URPRWLQJ WKHVKHGGLQJRI3U3&GHFUHDVHV WKH
FHOOVXUIDFHELQGLQJRI$ȕ2
$V $'$0 PHGLDWHV WKH VKHGGLQJ RI
3U3& IURP WKH FHOO VXUIDFH  ZH
K\SRWKHVLVHGWKDWDFWLYDWLRQRI$'$0ZRXOG
UHGXFH$ȕ2ELQGLQJWRFHOOVGXHWRVKHGGLQJRI
LWV FHOO VXUIDFH UHFHSWRU 3U3& ,QLWLDOO\ WKH
PXVFDULQLF DJRQLVW FDUEDFKRO ZKLFK LQFUHDVHV
WKH VKHGGLQJ RI PXOWLSOH FHOO VXUIDFH SURWHLQV
LQFOXGLQJ $33 ZDV HPSOR\HG  7KH HIIHFW
RI FDUEDFKRO RQ 3U3& DQG $33 VKHGGLQJ ZDV
PRQLWRUHGE\GHWHFWLRQRIWKHVROXEOHIUDJPHQWV
V3U3& DQG V$33D UHVSHFWLYHO\ LQ WKH PHGLD
IUDFWLRQ 7UHDWPHQW RI KXPDQ 6+6<< FHOOV
H[SUHVVLQJ 3U3& ZLWK FDUEDFKRO SURPRWHG WKH
VKHGGLQJRIIXOOOHQJWKJO\FRV\ODWHG3U3&E\
IROGDQGWKHĮVHFUHWDVHFOHDYDJHRI$33E\
IROG)LJ$&7RHVWDEOLVKWKDWFDUEDFKROZDV
DFWLQJYLDDFWLYDWLRQRI$'$0WKHFHOOVZHUH
LQFXEDWHGZLWKWKH$'$0VHOHFWLYHLQKLELWRU
*,;  2Q LWV RZQ WKH $'$0
LQKLELWRU VLJQLILFDQWO\ UHGXFHG WKH DPRXQW RI
V3U3& LQ WKH PHGLD E\  )LJ $ DQG %
FRQVLVWHQW ZLWK $'$0 EHLQJ WKH PDMRU
FRQVWLWXWLYH3U3&VKHGGDVH,QWKHSUHVHQFH
RI WKH $'$0 LQKLELWRU FDUEDFKRO IDLOHG WR
FDXVH DQ LQFUHDVH LQ WKH VKHGGLQJRI3U3& )LJ
$ DQG % LQGLFDWLQJ WKDW FDUEDFKRO ZDV
SURPRWLQJWKHVKHGGLQJRI3U3&YLDDFWLYDWLRQRI
$'$06LPLODU WR LWV HIIHFWRQ WKH VKHGGLQJ
RI 3U3& WKH $'$0 LQKLELWRU VLJQLILFDQWO\
UHGXFHG V$33Į LQ WKH PHGLD E\  DQG
EORFNHG WKH LQFUHDVH LQ V$33Į FDXVHG E\
FDUEDFKRO )LJ $ DQG & 7UHDWPHQW ZLWK
FDUEDFKRO DQG WKH *, LQKLELWRU GLG QRW
VLJQLILFDQWO\ DOWHU $'$0 H[SUHVVLRQ )LJ
'&RQVLVWHQWZLWK LQFUHDVLQJ WKHVKHGGLQJRI
3U3&FDUEDFKROWUHDWPHQWUHVXOWHGLQDGHFUHDVH
LQ FHOO VXUIDFH H[SUHVVLRQ RI 3U3& HYDOXDWHG E\
,PDJH6WUHDPLPDJLQJF\WRPHWU\)LJ(7KLV
DQDO\VLV GHPRQVWUDWHG D GHFUHDVH LQ KLJK
H[SUHVVLQJ 3U3& FHOOV LQ D SRSXODWLRQ RI FHOOV
WUHDWHG ZLWK FDUEDFKRO ZKHQ FRPSDUHG WR WKH
FRQWUROSRSXODWLRQ7KHGHFUHDVH LQ FHOO VXUIDFH
3U3& ZDV FRQILUPHG XVLQJ LPPXQRIOXRUHVFHQFH
PLFURVFRS\ ZKHUH FDUEDFKRO WUHDWPHQW RI WKH
FHOOVFDXVHGDVLJQLILFDQWGHFUHDVH  LQ WKH
DPRXQWRI3U3&ORFDOLVHGWRWKHFHOOVXUIDFH)LJ
) DQG * $ȕ2 ZHUH SUHSDUHG DQG
FKDUDFWHULVHG DV SUHYLRXVO\ GHVFULEHG  DQG
WKHLU ELQGLQJ WR WKH FHOOV ZDV PRQLWRUHG E\
LPPXQRIOXRUHVFHQFH PLFURVFRS\ 7UHDWPHQW RI
WKHFHOOVZLWKFDUEDFKROUHVXOWHGLQDVLJQLILFDQW
GHFUHDVHLQWKHDPRXQWRI$E2ERXQGWR
WKHFHOOVXUIDFH)LJ)DQG*
,QDGGLWLRQWRSURPRWLQJWKHVKHGGLQJRIWKH
HQWLUHHFWRGRPDLQRI3U3&WKURXJKFOHDYDJHQHDU
WRWKHVLWHRIJO\FRV\OSKRVSKDWLG\OLQRVLWRO*3,
DQFKRUDWWDFKPHQW$'$0KDVDOVREHHQ
UHSRUWHGWRFOHDYH3U3&ZLWKLQWKHPLGGOHRIWKH
HFWRGRPDLQ VRPHWLPHV UHIHUUHG WR DV Į
FOHDYDJH7KHĮFOHDYDJHRI3U3& UHOHDVHV
DQ1WHUPLQDOIUDJPHQWWHUPHG1DQGOHDYHVD
&WHUPLQDO IUDJPHQW & WHWKHUHG WR WKH
PHPEUDQH YLD WKH *3, DQFKRU 7R HVWDEOLVK
ZKHWKHUFDUEDFKRODOVRSURPRWHGWKHFOHDYDJHRI
3U3& ZLWKLQ LWV HFWRGRPDLQ VDPSOHV ZHUH
GHJO\FRV\ODWHGVRWKDWWKH&IUDJPHQWFRXOGEH
GHWHFWHG DQG GLVWLQJXLVKHG IURP XQJO\FRV\ODWHG
IXOO OHQJWK 3U3& 7KHUH ZDV QR FKDQJH LQ WKH
UDWLR RI IXOOOHQJWK 3U3& WR & IUDJPHQW ZKHQ
FHOOVZHUHLQFXEDWHGZLWKFDUEDFKRO)LJ+DQG
, LQGLFDWLQJ WKDW FDUEDFKRO UHGXFHV $ȕ2
ELQGLQJE\SURPRWLQJWKHVKHGGLQJRIIXOOOHQJWK
3U3& DQG QRW E\ SURPRWLQJ FOHDYDJH ZLWKLQ LWV
HFWRGRPDLQ

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.QRFNGRZQRI$'$0LQFUHDVHV$EROLJRPHU
ELQGLQJLQD3U3GHSHQGHQWPDQQHU
7RFRQILUP WKDW$'$0ZDV UHVSRQVLEOH
IRUDOWHULQJ$ȕ2ELQGLQJWKURXJKPRGXODWLQJWKH
FHOO VXUIDFH OHYHO RI 3U3& $'$0 ZDV
NQRFNHG GRZQ XVLQJ VL51$ LQ WKH 6+6<<
FHOOVH[SUHVVLQJ3U3&)RUWKHVHH[SHULPHQWVZH
XVHG ERWK D 6PDUW3RRO VL51$ FRQWDLQLQJ 
WDUJHW VL51$V 'KDUPDFRQ VKRZQ LQ )LJXUH 
DQG D VLQJOH LQGHSHQGHQW VL51$ $PELRQ
VKRZQ LQ )LJXUH  ,Q WKH $'$0 VL51$
WUHDWHGFHOOVWKHUHZDVDVLJQLILFDQWUHGXFWLRQLQ
WKHSUR DQGPDWXUH IRUPVRI$'$0RI
)LJ $ DQG % DQG  )LJ $ DQG % LQ
'KDUPDFRQ WUHDWHG DQG $PELRQ VL51$ WUHDWHG
FHOOV UHVSHFWLYHO\ )ROORZLQJ $'$0 VL51$
NQRFNGRZQ WKH DPRXQW RI V3U3& ZDV
VLJQLILFDQWO\ UHGXFHG E\  )LJ $ DQG &
DQGE\)LJ$DQG&DQGWKHDPRXQWRI
V$33Į ZDV DOVR VLJQLILFDQWO\ UHGXFHG E\ 
)LJ $ DQG ' DQG  )LJ $ DQG '
$'$0VL51$FDXVHGDIROG)LJ(DQG
)DQGDIROG)LJ(DQG)LQFUHDVHLQFHOO
VXUIDFH3U3& UHODWLYH WRQRQWDUJHWLQJVL51$DV
DVVHVVHG E\ LPPXQRIOXRUHVFHQFH PLFURVFRS\
DQG WKH ELQGLQJ RI $ȕ2 WR WKH FHOOV ZDV
LQFUHDVHG E\ IROG )LJ ( DQG * DQG 
IROG )LJ ( DQG * LQ WKH SUHVHQFH RI
$'$0 VL51$ UHODWLYH WR QRQWDUJHWLQJ
VL51$ 7R HVWDEOLVK ZKHWKHU WKLV LQFUHDVHG
ELQGLQJ RI $ȕ2 ZDV GXH WR WKH LQFUHDVHG FHOO
VXUIDFH OHYHO RI 3U3& FHOOV ZHUH SUHLQFXEDWHG
ZLWKWKH3U3&DQWLERG\'ZKLFKEORFNVWKH
$ȕ2ELQGLQJVLWHRQ3U3&,QFXEDWLRQRIWKH
FHOOVZLWKWKH'DQWLERG\KDGQRVLJQLILFDQW
HIIHFWRQ WKHDPRXQWRI3U3& DW WKHFHOO VXUIDFH
)LJ ( DQG ) )LJ ( DQG ) +RZHYHU WKH
' DQWLERG\ VLJQLILFDQWO\ UHGXFHG $E2
ELQGLQJWRWKHFHOOVE\)LJ(DQG*DQG
E\)LJ(DQG* ,Q WKHSUHVHQFHRI WKH
'DQWLERG\VL51$NQRFNGRZQRI$'$0
IDLOHG WR LQFUHDVH$ȕ2ELQGLQJ )LJ(DQG*
)LJ ( DQG * LQGLFDWLQJ WKDW WKH LQFUHDVHG
ELQGLQJRI$ȕ2XSRQ$'$0NQRFNGRZQZDV
GXHWRLQFUHDVHGFHOOVXUIDFH3U3&
7RFRQILUPWKDW$'$0PRGXODWHG$ȕ2
ELQGLQJLQD3U3&GHSHQGHQWPDQQHU6+6<<
FHOOV ODFNLQJ 3U3&  ZHUH WUHDWHG ZLWK
$'$0VL51$DQG$ȕ2ELQGLQJDVVHVVHG,Q
WKHVH FHOOV $'$0 VL51$ WUHDWPHQW
VLJQLILFDQWO\ UHGXFHG WKH SUR DQG PDWXUH IRUPV
RI $'$0 DQG WKH DPRXQW RI V$33Į LQ WKH
PHGLD )LJ$DQG% ,Q WKHDEVHQFHRI3U3&
$ȕ2 ELQGLQJ ZDV  )LJ & RI WKDW
REVHUYHG LQ FHOOV H[SUHVVLQJ 3U3& )LJ ( DQG
( DQG WKLV UHVLGXDO ELQGLQJ ZDV XQFKDQJHG
IROORZLQJNQRFNGRZQRI$'$0)LJ&DQG
' 7RJHWKHU WKHVH GDWD LQGLFDWH WKDW $'$0
PRGXODWHV $ȕ2 FHOO VXUIDFH ELQGLQJ LQ D 3U3&
GHSHQGHQWPDQQHU

$FWLYDWLRQRI$'$0ZLWKDFLWUHWLQLQFUHDVHV
WKH VKHGGLQJ RI 3U3& DQG GHFUHDVHV $ȕ2
ELQGLQJ
$FLWUHWLQDV\QWKHWLFUHWLQRLGLQFUHDVHVWKH
H[SUHVVLRQ RI $'$0 LQ FHOO FXOWXUH DQG
DQLPDOV OHDGLQJ WR DQ LQFUHDVH LQ V$33Į 
$V DFLWUHWLQ PD\ KDYH SRWHQWLDO DV D QRYHO
WKHUDSHXWLF GUXJ IRU $' GXH WR LWV DELOLW\ WR
LQFUHDVHV$33ĮLQWKH&6)RI$'SDWLHQWV
ZH LQYHVWLJDWHGZKHWKHUDFLWUHWLQYLDDFWLYDWLRQ
RI $'$0 ZRXOG LQFUHDVH WKH VKHGGLQJ RI
3U3& DQG GHFUHDVH $ȕ2 ELQGLQJ $FLWUHWLQ
WUHDWPHQWRIWKH6+6<<FHOOVH[SUHVVLQJ3U3&
LQFUHDVHG WKH H[SUHVVLRQ RI PDWXUH $'$0
DQGWKHVKHGGLQJRI3U3&DQGV$33ĮE\IROG
)LJ $& ,Q WKH SUHVHQFH RI WKH $'$0
LQKLELWRU*,;DFLWUHWLQIDLOHGWRLQGXFHD
VLJQLILFDQWLQFUHDVHLQWKHDPRXQWRIV3U3&)LJ
$ DQG % RU RI V$33Į LQ WKH PHGLD )LJ $
DQG & LQGLFDWLQJ WKDW LW ZDV DFWLQJ YLD
$'$0 7UHDWPHQW ZLWK DFLWUHWLQ FDXVHG DQ
LQFUHDVH LQ $'$0 SURWHLQ )LJ $ DQG '
DQGP51$)LJ(H[SUHVVLRQ7UHDWPHQWZLWK
DFLWUHWLQ UHVXOWHG LQ D GHFUHDVH LQ FHOO VXUIDFH
H[SUHVVLRQRI3U3&DVHYDOXDWHGE\,PDJH6WUHDP
LPDJLQJ F\WRPHWU\ )LJ ) 7KLV DQDO\VLV
GHPRQVWUDWHGDGHFUHDVHLQKLJKH[SUHVVLQJ3U3&
FHOOV LQ D SRSXODWLRQ RI FHOOV WUHDWHG ZLWK
DFLWUHWLQ ZKHQ FRPSDUHG WR WKH FRQWURO
SRSXODWLRQ 7KH GHFUHDVH LQ FHOO VXUIDFH 3U3&
ZDV FRQILUPHG XVLQJ LPPXQRIOXRUHVFHQFH
PLFURVFRS\ ZKHUH DFLWUHWLQ WUHDWPHQW RI WKH
FHOOVFDXVHGDVLJQLILFDQWGHFUHDVH  LQ WKH
DPRXQWRI3U3&ORFDOLVHGWRWKHFHOOVXUIDFH)LJ
* DQG + 7KLV GHFUHDVH LQ FHOO VXUIDFH 3U3&
ZLWK DFLWUHWLQ UHVXOWHG LQ D UHGXFWLRQ RI WKH
DPRXQWRI$E2ERXQGWRWKHVXUIDFHRIWKHFHOOV
E\  )LJ * DQG + 7KHVH GDWD LQGLFDWH
WKDW DFWLYDWLRQ RI $'$0 ZLWK WKH UHWLQRLF
DFLG DQDORJ DFLWUHWLQ LQFUHDVHV WKH VKHGGLQJ RI
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3U3& DQG GHFUHDVHV WKH ELQGLQJ RI $ȕ2 WR WKH
FHOOV  

$FWLYDWLRQRI$'$0SUHYHQWV$E2PHGLDWHG
DFWLYDWLRQ RI )\Q NLQDVH DQG UHVFXHV $E2
PHGLDWHGLQFUHDVHLQ526
7R HVWDEOLVK ZKHWKHU SURPRWLQJ WKH
VKHGGLQJ RI 3U3& WKURXJK DFWLYDWLRQ RI
$'$0FRXOGGHFUHDVH$E2F\WRWR[LFLW\ZH
PRQLWRUHGGRZQVWUHDPDFWLYDWLRQRI)\QNLQDVH
DQG 526 SURGXFWLRQ LQ FHOOV )\Q NLQDVH LV D
PHPEHU RI WKH 6UF IDPLO\ NLQDVHV 6). DQG
$ȕ2VDFWLYDWH)\QNLQDVHE\SKRVSKRU\ODWLRQDW
7\U  7UHDWPHQW RI FHOOV ZLWK $ȕ2
LQFUHDVHG S6). OHYHOV IROG )LJ , DQG
- 3UHWUHDWPHQW ZLWK DFLWUHWLQ DEROLVKHG WKH
$ȕ2PHGLDWHGLQFUHDVHLQS6).)LJ,DQG-
7R PRQLWRU WKH HIIHFW RI $ȕ2 RQ 526 FHOOV
ZHUH SULPHG ZLWK PHQDGLRQH WR UHGXFH
PLWRFKRQGULDO SURGXFWLRQ RI 1$'3+ DQG
LQFUHDVH 526  $GGLWLRQ RI $E2 LQFUHDVHG
526 E\ IROG LQ FHOOV H[SUHVVLQJ 3U3& )LJ
. EXW SUHWUHDWPHQW ZLWK DFLWUHWLQ DEROLVKHG
WKHLQFUHDVHLQ526PHGLDWHGE\$E2)LJ.
7RJHWKHUWKHVHGDWDLQGLFDWHWKDWSURPRWLQJWKH
$'$0PHGLDWHG VKHGGLQJ RI 3U3& EORFNV
ERWK WKH FHOOXODU ELQGLQJ DQG GRZQVWUHDP
F\WRWR[LFLW\RI$ȕ2

$FWLYDWLRQRI$'$0 LQFUHDVHV WKH VKHGGLQJ
RI3U3&DQGUHVFXHV$E2PHGLDWHGLQFUHDVHLQ
526LQKXPDQL36&GHULYHGFRUWLFDOQHXURQV
7R GHWHUPLQH ZKHWKHU DFWLYDWLRQ RI
$'$0 ZRXOG OHDG WR HQKDQFHG VKHGGLQJ RI
3U3&DQGUHGXFH$ȕ2WR[LFLW\LQKXPDQQHXURQV
ZH XVHG L36&GHULYHG FRUWLFDO QHXURQV 7KH
L36&OLQH2;FORQH2;ZDVYHULILHG
IRUSOXULSRWHQF\E\WKHSUHVHQFHRI2FW66($
 DQG QDQRJ DQG WKH DEVHQFH RI 3$; XVLQJ
LPPXQRIOXRUHVFHQFH PLFURVFRS\ )LJ $ 7KH
L36&V ZHUH GLIIHUHQWLDWHG LQWR FRUWLFDO QHXURQV
XVLQJ WKH PHWKRG RI 6KL HW DO  7KH
HIILFLHQF\ RI FRUWLFDO LQGXFWLRQ ZDV FDOFXODWHG
XVLQJ3$;H[SUHVVLRQ7KLVGHPRQVWUDWHG
WKDWWKHGLIIHUHQWLDWLRQHIILFLHQF\RIWKH2;
DQG 6%$' L36&V ZDV  DQG
 UHVSHFWLYHO\ GDWD GHVFULEHG DV
PHDQ6(0 IRU  FRUWLFDO LQGXFWLRQV RI WKH
2;FHOOOLQHDQGIRUFRUWLFDOLQGXFWLRQVRI
WKH 6%$' FHOO OLQH 7KH QHXURQDO PDUNHU
0$3ZDVXVHGDORQJZLWK WKHPDUNHU7EU WR
FRQILUP WKH SUHVHQFH RI VHFRQGDU\ SURJHQLWRU
FHOOVDQG6DWEWRFRQILUPWKHSUHVHQFHRIXSSHU
OD\HU QHXURQV )LJ % ,PPXQREORWWLQJ RI WKH
FRUWLFDO QHXURQV UHYHDOHG WKH SUHVHQFH RI $33
$'$0DQG3U3&)LJ&
$FLWUHWLQ WUHDWPHQW RI WKH L36&GHULYHG
FRUWLFDO QHXURQV DW GD\  LQFUHDVHG V$33Į LQ
WKHPHGLDE\IROG)LJ',QWKHSUHVHQFH
RI WKH $'$0 LQKLELWRU DFLWUHWLQ IDLOHG WR
LQGXFH DQ LQFUHDVH LQ WKH DPRXQW RI V$33Į LQ
WKH PHGLD )LJ ' 7UHDWPHQW ZLWK DFLWUHWLQ
GHFUHDVHGFHOOVXUIDFH3U3&E\)LJ(DQG
) $ȕ2 WUHDWPHQW LQFUHDVHG 526 LQ WKH L36&
GHULYHG FRUWLFDO QHXURQV )LJ * DQG WKLV
LQFUHDVH ZDV EORFNHG E\ SUHWUHDWPHQW RI WKH
QHXURQV ZLWK DFLWUHWLQ )LJ * 7KHVH GDWD
LQGLFDWH WKDW DFLWUHWLQ WKURXJK LQFUHDVLQJ
$'$0 DFWLYLW\ DQG WKH VKHGGLQJ RI 3U3&
EORFNVWKHWR[LFLW\RI$ȕ2LQKXPDQQHXURQV

$FWLYDWLRQ RI $'$0 LQFUHDVHV WKH
QHXURSURWHFWLYH V$33D EXW GRHV QRW GHFUHDVH
$ESURGXFWLRQLQKXPDQQHXURQV
$FWLYDWLRQ RI $'$0 KDV EHHQ UHSRUWHG
WRLQFUHDVHWKHSURGXFWLRQRIWKHQHXURSURWHFWLYH
V$33Į DQG UHFLSURFDOO\ GHFUHDVH $ȕ
SURGXFWLRQ  +RZHYHU ZKHWKHU WKLV
UHFLSURFDOUHODWLRQVKLSRFFXUVLQKXPDQQHXURQV
XSRQ DFWLYDWLRQ RI $'$0 KDV QRW EHHQ
UHSRUWHG 7R GHWHUPLQH WKLV ZH DVVHVVHG WKH
HIIHFW RI DFLWUHWLQ RQ WKH UHODWLYH DPRXQWV RI
V$33DV$33EDQG$ȕSHSWLGHVLQERWKWKH6+
6<<FHOOVDQGWKHL36&GHULYHGQHXURQV,QWKH
6+6<< FHOOV DFLWUHWLQ FDXVHG D VLJQLILFDQW
LQFUHDVH LQ V$33Į )LJ & DQG D UHFLSURFDO
VLJQLILFDQW GHFUHDVH LQ V$33ȕ )LJ $ 7KH
GHFUHDVHLQV$33ȕZDVSDUDOOHOHGE\DGHFUHDVH
LQ ERWK $ȕ DQG $ȕ IROORZLQJ DFLWUHWLQ
WUHDWPHQW )LJ % DQG & +RZHYHU DOWKRXJK
DFLWUHWLQ LQFUHDVHG V$33Į LQ WKH L36&GHULYHG
QHXURQV )LJ & WKHUH ZDV QR UHFLSURFDO
GHFUHDVH LQ V$33ȕ RU $ȕ )LJ ') 7R
DVFHUWDLQZKHWKHUWKLVODFNRIUHFLSURFDOHIIHFWRI
DFLWUHWLQ RQ WKH QRQDP\ORLGRJHQLF DQG
DP\ORLGRJHQLF SDWKZD\V ZDV D IHDWXUH RI
QHXURQV WKH HIIHFW RI DFLWUHWLQ RQ UDW SULPDU\
KLSSRFDPSDOQHXURQVZDVLQYHVWLJDWHG$FLWUHWLQ
WUHDWPHQWRIWKHKLSSRFDPSDOQHXURQVLQFUHDVHG
WKH QRQDP\ORLGRJHQLF FOHDYDJH RI $33 )LJ
* DQG FDXVHG D UHFLSURFDO GHFUHDVH LQ ERWK
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$ȕ DQG $ȕ )LJ + DQG , 7KXV LQ ERWK
WKH 6+6<< FHOOV DQG WKH UDW KLSSRFDPSDO
QHXURQV DFWLYDWLRQ RI WKH QRQDP\ORLGRJHQLF
SURFHVVLQJ RI $33 UHVXOWV LQ D UHFLSURFDO
GHFUHDVH LQ WKH DP\ORLGRJHQLF SURFHVVLQJ
SDWKZD\ ZKHUHDV LQ WKH KXPDQ L36&GHULYHG
QHXURQV QR VXFK UHFLSURFDO UHODWLRQVKLS ZDV
REVHUYHG

'LVFXVVLRQ
1XPHURXVVWXGLHVKDYHYDOLGDWHG3U3&DVD
NH\ QHXURQDO UHFHSWRU IRU$E2DQG KLJKOLJKWHG
WKH LQWULQVLF UROH LW SOD\V LQ WKH DFWLYDWLRQ RI
PXOWLSOHGRZQVWUHDPWDUJHWVOHDGLQJWRQHXURQDO
LPSDLUPHQW LQ $' UHYLHZHG LQ  $V
FOHDYDJH RI 3U3& E\ $'$0 UHJXODWHV WKH
DPRXQW RI 3U3& DW WKH FHOO VXUIDFH  ZH
K\SRWKHVLVHG WKDW PRGXODWLRQ RI $'$0
DFWLYLW\ WKURXJK DOWHULQJ FHOO VXUIDFH 3U3&
ZRXOG LPSDFW RQ $ȕ2 ELQGLQJ DQG WR[LFLW\
+HUHZHVKRZWKDWLQFUHDVLQJ$'$0DFWLYLW\
SURPRWHG WKHVKHGGLQJRIFHOO VXUIDFH3U3& DQG
DV D UHVXOW EORFNHG WKH ELQGLQJ RI $ȕ2 WR WKH
VXUIDFH RI QHXURQV DQG GHFUHDVHG WKHLU
F\WRWR[LFLW\ DV PHDVXUHG E\ DFWLYDWLRQ RI )\Q
NLQDVHDQGLQFUHDVHLQ526
,QLWLDOO\ ZH XVHG WKH PXVFDULQLF DJRQLVW
FDUEDFKROWRSURPRWHWKHVKHGGLQJRI3U3&EDVHG
RQ WKH REVHUYDWLRQ WKDW FDUEDFKRO SURPRWHV WKH
VKHGGLQJ RI $33 OLNHO\ WKURXJK WKH DFWLYDWLRQ
RI $'$0  &DUEDFKRO GHFUHDVHG WKH
DPRXQWRI3U3&DWWKHFHOOVXUIDFHZKLFKUHVXOWHG
LQUHGXFHGELQGLQJRI$ȕ2WRWKHFHOOV7KURXJK
WKH XVH RI D VHOHFWLYH $'$0 LQKLELWRU ZH
VKRZ IRU WKH ILUVW WLPH WKDW FDUEDFKRO LV DFWLQJ
YLD $'$0 WR SURPRWH WKH VKHGGLQJ RI ERWK
3U3& DQG $33 7R FRQILUP WKDW $'$0 ZDV
DOWHULQJ $ȕ2 ELQGLQJ WKURXJK PRGXODWLQJ FHOO
VXUIDFH 3U3& ZH XVHG VL51$ NQRFNGRZQ WR
UHGXFH $'$0 ZKLFK UHVXOWHG LQ LQFUHDVHG
FHOO VXUIDFH SUHVHQWDWLRQ RI 3U3& DQG D
FRQFRPLWDQWLQFUHDVHLQ$ȕ2ELQGLQJ$OWKRXJK
YDULRXVRWKHUSURWHLQVKDYHEHHQUHSRUWHGWRDFW
DV FHOO VXUIDFH UHFHSWRUV IRU $ȕ2 UHYLHZHG LQ
 WKH HIIHFW RI FDUEDFKRO DFWLYDWLRQ RI
$'$0 RQ $ȕ2 ELQGLQJ ZDV PHGLDWHG
VSHFLILFDOO\YLD3U3&7KLVZDVHYLGHQFHGE\L
ELQGLQJEHLQJEORFNHGXVLQJ WKH'DQWLERG\
ZKRVH HSLWRSH FRUUHVSRQGV WR WKH $ȕ2 ELQGLQJ
VLWH RQ 3U3& DQG LL VL51$ NQRFNGRZQ RI
$'$0 LQ FHOOV ODFNLQJ 3U3& IDLOLQJ WR
LQFUHDVH$ȕ2ELQGLQJ7KH$ȕ2XVHGKHUHKDYH
EHHQ ZHOOFKDUDFWHULVHG XVLQJ ELRSK\VLFDO DQG
LPPXQRORJLFDO WHFKQLTXHV DQG FRUUHVSRQG WR
ILEULOODU ROLJRPHUV UHFRJQLVHG E\ WKH
FRQIRUPDWLRQVSHFLILF 2& DQWLERG\  6XFK
2& UHDFWLYH$ȕ2FRUUHODWHGZLWK WKHRQVHW DQG
VHYHULW\ RI $' LQ KXPDQ EUDLQ  DQG ZLWK
FRJQLWLYH GHFOLQH DQG WDX DJJUHJDWLRQ DQG
SKRVSKRU\ODWLRQ LQ D WUDQVJHQLF $' PRXVH
PRGHO  :KHWKHU DFWLYDWLRQ RI $'$0
ZLOO LQIOXHQFH WKH FHOOXODU ELQGLQJ RI RWKHU
ROLJRPHULF VSHFLHV RI $ȕ ZLOO GHSHQG RQ
ZKHWKHU WKHLU UHFHSWRUV DUH DOVR VXVFHSWLEOH WR
$'$0PHGLDWHGVKHGGLQJ
,Q DGGLWLRQ WR XVLQJ FDUEDFKRO WR DFWLYDWH
$'$0 ZH DOVR HPSOR\HG WKH V\QWKHWLF
UHWLQRLG DFLWUHWLQ ZKLFK UHOHDVHV DOOWUDQV
UHWLQRLF DFLG IURP FHOOXODU UHWLQRLF DFLGELQGLQJ
SURWHLQV7KLVDOORZVWKHDOOWUDQVUHWLQRLFDFLGWR
ELQG WR UHWLQRLG DFLG UHFHSWRU 5$5
WUDQVFULSWLRQ FRPSOH[HV ZKLFK LQ WXUQ ELQG WR
UHWLQRLGELQGLQJVLWHVRQWKH$'$0SURPRWHU
OHDGLQJ WR LQFUHDVHG $'$0 DFWLYLW\ 
$FLWUHWLQ KDV SUHYLRXVO\ EHHQ UHSRUWHG WR
LQFUHDVH WKH ĮVHFUHWDVH FOHDYDJH RI $33 E\
$'$0 ERWK LQ FHOOXODU DQG DQLPDO PRGHOV
6LPLODUO\ZHUHSRUWWKDWDFLWUHWLQSURPRWHG
WKH VKHGGLQJ RI $33 DQG 3U3& ERWK LQ 6+
6<< FHOOV DQG L36&GHULYHG QHXURQV ZKLFK
ZDVEORFNHGE\WKH$'$0VSHFLILFLQKLELWRU
7KXVXVLQJ WZRLQGHSHQGHQWO\DFWLQJDFWLYDWRUV
RI$'$0ZHFOHDUO\VKRZWKDWSURPRWLQJWKH
DFWLYLW\ RI WKLV PHWDOORSURWHDVH UHGXFHV WKH
FHOOXODU ELQGLQJ DQG F\WRWR[LFLW\ RI $ȕ2
WKURXJKPRGXODWLQJFHOOVXUIDFH3U3&
$'$0 SURPRWHV WKH VKHGGLQJ RI WKH
HFWRGRPDLQRI3U3&E\FOHDYLQJWKHSURWHLQDIWHU
UHVLGXHFORVHWRWKHVLWHRIDWWDFKPHQWRIWKH
*3, DQFKRU UHVLGXH +RZHYHU LW KDV
DOVREHHQSURSRVHGWKDW$'$0LVUHVSRQVLEOH
IRUWKHĮFOHDYDJHRI3U3&EHWZHHQDPLQRDFLGV
 MXVW &WHUPLQDO WR WKH $ȕ2 ELQGLQJ
GRPDLQ UHVLGXHV   UHOHDVLQJ WKH
VROXEOH 1 IUDJPHQW FRQWDLQLQJ WKH $ȕ2
ELQGLQJ GRPDLQ DQG OHDYLQJ WKH FHOO DVVRFLDWHG
& IUDJPHQW  DQ DFWLRQ WKDW ZRXOG DOVR EH
SUHGLFWHG WR UHGXFH $ȕ2 ELQGLQJ WR WKH FHOO
VXUIDFH 7KH 1 IUDJPHQW KDV EHHQ VKRZQ WR
ELQG$ȕ2DQGVXSUHVV WKHLU WR[LFLW\ LQ FXOWXUHG
PXULQH KLSSRFDPSDO QHXURQV DQG LQ DQ LQ YLYR
PRXVH PRGHO RI $ȕLQGXFHG PHPRU\
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G\VIXQFWLRQ OHDGLQJ WR WKH VXJJHVWLRQ WKDW
XSUHJXODWLRQ RI 1 SURGXFWLRQ FRXOG DFW DV D
FHOOXODU PHFKDQLVP WR SURWHFW DJDLQVW $ȕ2
WR[LFLW\  &DUEDFKRO KDVSUHYLRXVO\ EHHQ
UHSRUWHG WR LQFUHDVH WKH ĮFOHDYDJH RI 3U3& LQ
+(. FHOOV WKURXJK WKH DFWLRQ RI $'$0
 +HUH ZH VKRZ WKDW LQ WKH 6+6<<
FHOOV ZKLFK H[SUHVV IXQFWLRQDO PXVFDULQLF
UHFHSWRUV  WKDW WKH FDUEDFKRO VWLPXODWHG
VKHGGLQJRI3U3&DQG$33LVGXHWRDFWLYDWLRQRI
$'$0QRW$'$0)XUWKHUPRUHZHZHUH
XQDEOH WRGHWHFW WKH VROXEOH1 IUDJPHQW LQ WKH
FRQGLWLRQHG PHGLXP IURP WKH 6+6<< FHOOV
IROORZLQJFDUEDFKROWUHDWPHQWGDWDQRWVKRZQ
7KH GLIIHUHQFHV EHWZHHQ RXU ZRUN DQG WKDW
SUHYLRXVO\SXEOLVKHGPD\UHIOHFWWKHXVH
RIGLIIHUHQWFHOOOLQHVLQZKLFKWKHUHODWLYHOHYHOV
RI$'$0DQG$'$0GLIIHUDQGRUWKDWLQ
WKH 6+6<< FHOOV WKH 1 IUDJPHQW LV UDSLGO\
PHWDEROLVHG +RZHYHU DV DFWLYDWLRQ RI
$'$0 LQ WKH 6+6<< FHOOV GLG QRW
LQIOXHQFHWKHUDWLRRI IXOO OHQJWK3U3& WR WKH&
IUDJPHQW WKLV LQGLFDWHV WKDW WKH ĮFOHDYDJH RI
3U3& LV XQDOWHUHG LQ RXU H[SHULPHQWDO PRGHO
UXOLQJ RXW D FRQWULEXWLRQ RI ĮFOHDYDJH RI 3U3&
WRWKHPHFKDQLVPE\ZKLFK$'$0DFWLYDWLRQ
EORFNV$ȕ2ELQGLQJ
$ȕ2 PHGLDWH D UDQJH RI FHOOXODU DFWLRQV
ZKLFK FRQWULEXWH WR WKHLU QHXURWR[LFLW\ LQ $'
%LQGLQJ RI $ȕ2 WR 3U3& OHDGV WR DFWLYDWLRQ RI
)\QNLQDVHZKLFKLQWXUQSKRVSKRU\ODWHV
10'$ UHFHSWRUV DOWHULQJ WKHLU FHOO VXUIDFH
GLVWULEXWLRQDQGGLUHFWO\SKRVSKRU\ODWHVWDX
RQ 7\U  $ȕ2 DOVR LQGXFH F\WRWR[LFLW\
WKURXJK LQFUHDVLQJ 526  DOWKRXJK WR GDWH
ZKHWKHUWKLVHIIHFWLVPHGLDWHGYLDWKHLUELQGLQJ
WR 3U3& KDV QRW EHHQ UHSRUWHG +HUH ZH VKRZ
WKDW DFWLYDWLRQ RI $'$0 EORFNHG WKH $ȕ2
GHSHQGHQW DFWLYDWLRQ RI )\Q SKRVSKRU\ODWLRQ
PHGLDWHGE\3U3&)XUWKHUPRUHDQGIRUWKHILUVW
WLPHZHUHSRUWWKDWLQERWK6+6<<FHOOVDQG
KXPDQ L36&GHULYHG QHXURQV $ȕ2 ELQGLQJ WR
3U3& LQFUHDVHV FHOOXODU 526 DQG WKDW WKLV
LQFUHDVH LQ 526 FDQ EH EORFNHG E\ UHPRYLQJ
FHOO VXUIDFH 3U3& XSRQ $'$0 DFWLYDWLRQ
7KXV $'$0 DFWLYDWLRQ FDQ DPHOLRUDWH WKH
GRZQVWUHDP F\WRWR[LFLW\ LQGXFHG E\ $ȕ2
ELQGLQJWR3U3&DQGUHSUHVHQWVDQRWKHUSRWHQWLDO
WKHUDSHXWLF DSSURDFK WR GLVUXSW WKH $ȕ23U3&
VLJQDOOLQJFRPSOH[LQ$'
*HQHWLFDQDO\VHVRIIDPLOLHVZLWKODWHRQVHW
$' UHYHDOHG WZR UDUH PXWDWLRQV 4+
5* LQ WKH SURGRPDLQ RI $'$0 ZKLFK
DWWHQXDWHG LWV DVHFUHWDVH DFWLYLW\ DQG VKLIWHG
$33 SURFHVVLQJ WRZDUG ȕVHFUHWDVHPHGLDWHG
FOHDYDJH ZLWK D  IROG LQFUHDVH LQ $E OHYHOV
HQKDQFHG $ȕ SODTXH ORDG DQG UHDFWLYH JOLRVLV
 %DVHG RQ RXU ZRUN ZLWK KXPDQ L36&
GHULYHGQHXURQVLWLVOLNHO\WKDWWKHVHPXWDWLRQV
LQ $'$0 ZLOO DOVR OHDG WR LQFUHDVHG FHOO
VXUIDFH 3U3& DQG HQKDQFHG $ȕ2 ELQGLQJ DQG
F\WRWR[LFLW\ ZKLFK PD\ FRQWULEXWH WR WKH $'
SKHQRW\SH LQ LQGLYLGXDOV ZLWK VXFK $'$0
PXWDWLRQV
7KH JHQHUDO FRQVHQVXV LV WKDW WKHUH LV
FRPSHWLWLRQEHWZHHQWKHĮDQGȕVHFUHWDVHVIRU
WKHLU VXEVWUDWH $33 )RU H[DPSOH LQ PXULQH
SULPDU\FRUWLFDOQHXURQV$'$0NQRFNGRZQ
LQFUHDVHG V$33ȕ DQG $ȕ  DQG LQ KXPDQ
L36&GHULYHG QHXURQV LQKLELWLRQ RI %$&(
UHGXFHG V$33ȕ DQG $ȕ DQG LQFUHDVHG V$33Į
 +RZHYHU RWKHU VWXGLHV KDYH IDLOHG WR
REVHUYH VXFK D UHFLSURFDO UHODWLRQVKLS  2Q
WKH ZKROH WKRXJK DFWLYDWLRQ RI $'$0 KDV
EHHQ UHSRUWHG WR UHVXOW LQDQ LQFUHDVH LQ V$33Į
ZLWK D UHFLSURFDO GHFUHDVH LQ V$33ȕ DQG $ȕ
SHSWLGHV LQ YDULRXV FHOO DQG WUDQVJHQLF PRXVH
PRGHOV )RUH[DPSOH LQ$339,WUDQVJHQLF PLFH PRGHUDWH QHXURQDO
RYHUH[SUHVVLRQ RI $'$0 LQFUHDVHG WKH
VHFUHWLRQRIV$33ĮUHGXFHGWKHIRUPDWLRQRI$ȕ
SHSWLGHV DQG SUHYHQWHG WKHLU GHSRVLWLRQ LQ
SODTXHVZKLOHH[SUHVVLRQRIPXWDQWFDWDO\WLFDOO\
LQDFWLYH $'$0 ZKLFK DFWV LQ D GRPLQDQW
QHJDWLYH PDQQHU OHG WR DQ LQFUHDVH LQ WKH
QXPEHU DQG VL]H RI SODTXHV LQ WKH GRXEOH
WUDQVJHQLF PLFH  6WLPXODWLRQ RI $'$0
SURPRWHU DFWLYLW\ ZLWK WKH YLWDPLQ $ DQDORJXH
DFLWUHWLQ OHG WRDQ LQFUHDVHRIPDWXUH$'$0
SURWHLQWKDWLQFUHDVHGWKHUDWLREHWZHHQĮDQGȕ
VHFUHWDVH DFWLYLW\ LQ 6+6<< FHOOV ZKLOH
LQWUDFHUHEUDO LQMHFWLRQ RI DFLWUHWLQ LQ $3336
WUDQVJHQLFPLFH OHG WRD UHGXFWLRQRI$ȕDQG
$ȕ  7KXV ZH ZHUH VRPHZKDW VXUSULVHG
WKDWDOWKRXJKDFWLYDWLQJ$'$0ZLWKDFLWUHWLQ
OHGWRDUHGXFWLRQLQ$ȕOHYHOVLQWKH6+6<<
FHOOVDQGLQWKHPXULQHKLSSRFDPSDOQHXURQVQR
VXFK GHFUHDVH LQ $ȕ $ȕ RU V$33ȕ ZDV
REVHUYHG LQ L36&GHULYHG QHXURQV IURP WZR
GLIIHUHQW LQGLYLGXDOV GHVSLWH WKHUH EHLQJ D
VLPLODU LQFUHDVH LQ V$33Į LQ DOO WKUHH FHOO
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PRGHOV  7KLV UHVXOW ZLWK KXPDQ QHXURQV LV
FRQVLVWHQW ZLWK WKH UHVXOW IURP D SLORW FOLQLFDO
WULDO LQZKLFKPLOG WRPRGHUDWH$'SDWLHQWV
ZHUH WUHDWHG ZLWK DFLWUHWLQ IRU  ZHHNV ,Q WKH
$' SDWLHQWV DFLWUHWLQ FDXVHG D VLJQLILFDQW
LQFUHDVH LQ &6) V$33Į ZKHQ FRPSDUHG WR D
SODFHER FRQWURO JURXS EXW WKHUH ZDV QRW D
UHFLSURFDO VLJQLILFDQW GHFUHDVH LQ V$33ȕ DQG
$ȕ ZDV XQFKDQJHG EHWZHHQ WKH WZR JURXSV
 7RJHWKHU WKHVH REVHUYDWLRQV VXJJHVW WKDW
WKH UHFLSURFDO UHODWLRQVKLS EHWZHHQ WKH QRQ
DP\ORLGRJHQLF DQG DP\ORLGRJHQLF $33
SURFHVVLQJSDWKZD\VPD\QRWKROGWUXHLQKXPDQ
QHXURQVZKHQĮVHFUHWDVHFOHDYDJHLVVWLPXODWHG
5HJDUGOHVV RI ZKHWKHU DFWLYDWLRQ RI
$'$0OHDGVWRDGHFUHDVH LQ$ȕE\VKLIWLQJ
WKHEDODQFHRI$33SURFHVVLQJEHWZHHQWKHQRQ
DP\ORLGRJHQLF DQG DP\ORLGRJHQLF SDWKZD\V
DFWLYDWLRQ RI $'$0 FRXOG EH EHQHILFLDO LQ
$' E\ DFWLQJ WKURXJK RWKHU PHFKDQLVPV
$FWLYDWLRQ RI $'$0 ZLOO GLUHFWO\ LQFUHDVH
V$33Į WKDW KDV QHXURSURWHFWLYH QHXURWURSKLF
DQGQHXURJHQLFSURSHUWLHVHOHYDWHVDGXOW
QHXURJHQHVLV LQ WKH KLSSRFDPSXV  DQG KDV
EHHQ UHSRUWHG WR GHFUHDVH $ȕ JHQHUDWLRQ E\
GLUHFWO\ DVVRFLDWLQJ ZLWK %$&( DQG
PRGXODWLQJ LWV DFWLYLW\  ,Q DGGLWLRQ DV ZH
KDYHGHPRQVWUDWHGKHUHDFWLYDWLRQRI$'$0
ZLOOLQFUHDVHWKHVKHGGLQJRI3U3&WRUHGXFHWKH
FHOOXODU ELQGLQJ DQG GRZQVWUHDP WR[LFLW\ RI
$ȕ2 +RZHYHU DV ZHOO DV VKHGGLQJ $33 DQG
3U3& $'$0 DOVR SURWHRO\WLFDOO\ FOHDYHV
PRUH WKDQ  PHPEUDQH SURWHLQV LQ WKH &16
PDQ\ RI ZKLFK DUH HVVHQWLDO IRU EUDLQ
GHYHORSPHQWDQGQRUPDOSK\VLRORJLFDOIXQFWLRQV
 7KXV ZKHWKHU DFWLYDWLRQ RI $'$0
ZLOO RQO\ KDYH EHQHILFLDO HIIHFWV LV XQFOHDU D
VLWXDWLRQZKLFKPD\EHH[DFHUEDWHGLIDFWLYDWLRQ
ZDVWRRFFXURYHUDSURORQJHGSHULRGRIWLPHDV
UHTXLUHGWRWUHDWDFKURQLFFRQGLWLRQVXFKDV$'
:HKDYHVKRZQWKDWDFWLYDWLRQRI$'$0
SURPRWHV WKH SURWHRO\WLF VKHGGLQJ RI WKH $ȕ2
UHFHSWRU 3U3& IURP WKH VXUIDFH RI KXPDQ
QHXUREODVWRPD FHOOV DQG L36&GHULYHG QHXURQV
7KLV VKHGGLQJ RI 3U3& UHGXFHV WKH ELQGLQJ RI
$ȕ2 WR FHOOV DQG EORFNV WKHLU F\WRWR[LFLW\ DV
PRQLWRUHG E\ DFWLYDWLRQ RI )\Q NLQDVH DQG
LQFUHDVH LQ 526 7KHVH GDWD SURYLGH WKH ILUVW
REVHUYDWLRQ WKDW PRGXODWLQJ FHOO VXUIDFH 3U3&
PD\ FRQWULEXWH WR WKH WKHUDSHXWLF SRWHQWLDO RI
$'$0DFWLYDWLRQLQ$'DQGFRQWULEXWHWRWKH
QHXURGHJHQHUDWLRQ REVHUYHG LQ LQGLYLGXDOV ZLWK
PXWDWLRQV LQ $'$0 ,Q DGGLWLRQ ZH UHSRUW
WKDWDFWLYDWLRQRI$'$0GRHVQRWUHVXOW LQD
GHFUHDVHLQ$ȕOHYHOVLQWKHKXPDQL36&GHULYHG
QHXURQVDUHVXOWFRQVLVWHQWZLWKWKHUHVXOWVIURP
D VWXG\ IROORZLQJ DFLWUHWLQ DGPLQLVWUDWLRQ LQ
KXPDQVDQGKLJKOLJKWLQJWKDWKXPDQL36&
GHULYHGQHXURQVDUHDYDOXDEOHPRGHOV\VWHPWR
H[SORUHWKHPHFKDQLVPVXQGHUO\LQJ$'

([SHULPHQWDOSURFHGXUHV
&HOO FXOWXUH 6+6<< KXPDQ QHXUREODVWRPD
FHOOV  ZHUH VWDEO\ WUDQVIHFWHG ZLWK WKH F'1$
HQFRGLQJ PXULQH 3U3& FRQWDLQLQJ WKH )
HSLWRSH WDJ KXPDQ 00 DV GHVFULEHG
SUHYLRXVO\  %RWK XQWUDQVIHFWHG 87 DQG
3U3&H[SUHVVLQJ6+6<<FHOOVZHUHFXOWXUHGLQ
'XOEHFFR¶V PRGLILHG (DJOH¶V PHGLXP
VXSSOHPHQWHGZLWKYYIHWDOERYLQHVHUXP
)%6 1% KXPDQ QHXUREODVWRPD FHOOV ZHUH
FXOWXUHG LQ 530,  PHGLXP 6LJPD
VXSSOHPHQWHG ZLWK  YY )%6 &HOOV ZHUH
PDLQWDLQHGLQDKXPLGLILHGLQFXEDWRUDW&LQ
D&2DLUDWPRVSKHUH
&XOWXUH DQG GLIIHUHQWLDWLRQ RI LQGXFHG
SOXULSRWHQW VWHP FHOOV7KH L36& OLQHV 2;
REWDLQHGIURP6&RZOH\8QLYHUVLW\RI2[IRUG
 DQG 6%$' REWDLQHG IURP = &DGHU
6WHP%$1&&ZHUHPDLQWDLQHGRQ0DWULJHO
%' %LRVFLHQFHV LQ P7H65 PHGLD 6WHP&HOO
7HFKQRORJLHVFRQWDLQLQJ8POSHQLFLOOLQDQG
JPOVWUHSWRP\FLQ/LIH7HFKQRORJLHVLQD
KXPLGLILHGLQFXEDWRUDW&LQD&2
DLU DWPRVSKHUH L36&V ZHUH GLIIHUHQWLDWHG WR
FRUWLFDO QHXURQV DV GHVFULEHG SUHYLRXVO\ 
XVLQJ GXDO60$' LQKLELWLRQ E\  P0
GRUVRPRUSKLQ DQG  P0 6% 7RFULV
)ROORZLQJ VXFFHVVIXO GLIIHUHQWLDWLRQ QHXUDO
SURJHQLWRU FHOOV 13&V ZHUH UHSODWHG RQ G
SRVWLQGXFWLRQ DW FHOOVZHOO RQWRSRO\
RUQLWKLQH DQG ODPLQLQFRDWHG 6LJPD ZHOO
WLVVXHFXOWXUHSODWHVDQGFXOWXUHGXQWLOGSRVW
LQGXFWLRQ ZLWK PHGLD FKDQJHV HYHU\  GD\V
L36& SOXULSRWHQF\ DQG VXFFHVVIXO FRUWLFDO
QHXURQ GLIIHUHQWLDWLRQ ZHUH FRQILUPHG XVLQJ
LPPXQRIOXRUHVFHQFH PLFURVFRS\ ZLWK
DSSURSULDWHPDUNHUV

3UHSDUDWLRQ RI UDW SULPDU\ KLSSRFDPSDO
QHXURQV 3ULPDU\ QHXURQV ZHUH SUHSDUHG IURP
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WKH KLSSRFDPSL RI  GD\ROG :LVWDU UDWV DQG
FXOWXUHG DV GHVFULEHG SUHYLRXVO\  1HXURQV
ZHUH FXOWXUHG IRU  GD\V ZLWK PHGLD FKDQJHV
HYHU\GD\V

$FWLYDWLRQ DQG LQKLELWLRQ RI $'$0 7R
DFWLYDWH $'$0 FHOOV ZHUH LQFXEDWHG LQ
2SWL0(0 FRQWDLQLQJ *OXWD0$; /LIH
7HFKQRORJLHV FRQWDLQLQJ HLWKHU  0
FDUEDFKRO 6LJPD IRU  K RU  0 DFLWUHWLQ
6LJPD IRU  K 7R LQKLELW $'$0 FHOOV
ZHUH LQFXEDWHG ZLWK  P0 *,;
7RFULV D VHOHFWLYH $'$0 LQKLELWRU IRU
HLWKHU  RU  K LQ 2SWL0(0  '062 RQO\
WUHDWHGFHOOVZHUHXVHGIRUFRPSDULVRQWRWUHDWHG
FHOOV

51$ LQWHUIHUHQFH VWXGLHV VL51$ VSHFLILF IRU
KXPDQ $'$0 DQG D QRQWDUJHWLQJ VHTXHQFH
ZHUH REWDLQHG DV VPDUWSRROV IURP 'KDUPDFRQ
7KHUPR)LVKHU6FLHQWLILF$QDGGLWLRQDOVLQJOH
VL51$VHTXHQFHIRUKXPDQ$'$0ZDVDOVR
REWDLQHGIRUYHULILFDWLRQH[SHULPHQWV$PELRQ
6+6<< 87 RU 3U3& H[SUHVVLQJ FHOOV ZHUH
VHHGHG LQWR 7 IODVNV RU ZHOO SODWHV LQ
URXWLQH FXOWXUH PHGLXP DQG DOORZHG WR DGKHUH
RYHUQLJKW 7KH FHOO PRQROD\HUV ZHUH ZDVKHG
WZLFH ZLWK '3%6 DQG D  Q0 ILQDO
FRQFHQWUDWLRQ VPDUWSRRO VL51$ VROXWLRQ ZDV
GHOLYHUHG DV D FRPSOH[ ZLWK 'KDUPD)(&7
WUDQVIHFWLRQ UHDJHQW 'KDUPDFRQ LQ VHUXP
FRQWDLQLQJ '0(0 IRU  K &HOOV ZHUH WKHQ
ZDVKHGWZLFHLQ'XOEHFFR¶VSKRVSKDWHEXIIHUHG
VDOLQH '3%6 SULRU WR LQFXEDWLRQ LQ 2SWL0(0
IRUK

&RQGLWLRQHG PHGLD FHOO O\VDWH DQG FHOO
PHPEUDQHSUHSDUDWLRQ&RQGLWLRQHGPHGLDZDV
KDUYHVWHG DQG FHOO GHEULV SHOOHWHG E\
FHQWULIXJDWLRQ DW  [ J IRU  PLQ $ PO
VDPSOH RI FRQGLWLRQHG PHGLD ZDV UHPRYHG IRU
LPPXQRDVVD\ DQG VWRUHG DW R& 5HPDLQLQJ
FRQGLWLRQHG PHGLD ZHUH FRQFHQWUDWHG WR  O
LQ D 9LYDSVLQ  PO FRQFHQWUDWRU  0:
PHPEUDQH E\ FHQWULIXJDWLRQ DW  [ J IRU
DSSUR[LPDWHO\  K LQ D EHQFK WRS FHQWULIXJH DW
R& &HOOV ZHUH ZDVKHG LQ SKRVSKDWH EXIIHUHG
VDOLQH 3%6 /RQ]D KDUYHVWHG DQG SHOOHWHG DW
[JIRUPLQ&HOOVZHUHO\VHGRQLFHIRU
 PLQ LQ 5,3$ EXIIHU > P0 7ULV+&O 
P01D&OZYVRGLXPGHR[\FKRODWH
YY 1RQLGHW3 S+ @ FRQWDLQLQJ SURWHDVH
DQG SKRVSKDWDVH LQKLELWRU FRFNWDLOV 5RFKH
'LDJQRVWLFV /WG &HOO O\VDWHV ZHUH FODULILHG E\
FHQWULIXJDWLRQ DW  [ J IRU  PLQ DW R&
DQG WKH FODULILHG O\VDWH VWRUHG DW R& EHIRUH
XVH )RU WKH SUHSDUDWLRQ RI PHPEUDQHV FHOOV
ZHUH UHVXVSHQGHG LQ  PO RI  P0 +(3(6
S+DQGVRQLFDWHGDWDPSOLWXGHPLFURQVIRU
 V XVLQJ D 6RQLSUHS 7KH FHOO VXVSHQVLRQ
ZDV WKHQFHQWULIXJHGDW [J IRUPLQ DW
R& WR SHOOHW FHOO PHPEUDQHV DQG QXFOHL 7KH
VXSHUQDWDQWZDV WKHQFHQWULIXJHG LQD%HFNPDQ
&RXOWHU 2SWLPD DW  [ J IRU  K DW R&
0HPEUDQHV ZHUH UHVXVSHQGHG LQ  P0
7ULV+&OS+   P0 ('7$  P0 1D&O
DQG  ZY &+$362 3URWHLQ FRQFHQWUDWLRQ
RIDOOVDPSOHVZDVGHWHUPLQHGE\ELFLQFKRQLQLF
DFLGDVVD\

'HJO\FRV\ODWLRQ RI FHOO O\VDWH VDPSOHV $OO
GHJO\FRV\ODWLRQ VROXWLRQV ZHUH SXUFKDVHG IURP
3UR]\PH&HOO O\VDWHVZHUHPDGHXS WRJ
SURWHLQLQOYROXPHDQGERLOHGIRUPLQLQ
YY[1JO\FDQDVHUHDFWLRQEXIIHUDQG
 GHQDWXUDWLRQ VROXWLRQ $IWHU FRROLQJ 
GHWHUJHQW VROXWLRQ ZDV DGGHG WR HDFK WXEH 7R
RQH RI WKH WXEHV  YY 1JO\FDQDVH 
P8ZDVDGGHGDQGLQFXEDWHGDWR&IRUK

,PPXQREORWWLQJ 6DPSOHV ZHUH PDGH XS LQ
GLVVRFLDWLRQ EXIIHU >[ GLVVRFLDWLRQ EXIIHU 
P0 7ULV+&O  ZY VRGLXP GRGHF\O
VXOSKDWH  YY JO\FHURO  P0
GLWKLRWKUHLWRO  ZY EURPRSKHQRO EOXH
S+@ DQGKHDWHG DW R& IRUPLQ3URWHLQV
ZHUH UHVROYHG E\ 6'63$*( RQ 
DFU\ODPLGH 7ULVJO\FLQH JHOV DQG WKHQ
WUDQVIHUUHG WR +\ERQG 39') PHPEUDQHV *(
+HDOWKFDUH )ROORZLQJ HOHFWURWUDQVIHU WKH
PHPEUDQHV ZHUH EORFNHG IRU  K LQ 3%6 ZLWK
 7ZHHQ  3%67 DQG  ZY QRQIDW
PLON DQG WKHQ LQFXEDWHG ZLWK SULPDU\ DQWLERG\
RYHUQLJKW DW & $QWLJHQV ZHUH SUREHG XVLQJ
WKH IROORZLQJ SULPDU\ DQWLERGLHV DQWL$33
& 0LOOLSRUH 6$) DQWL3U3 1
WHUPLQXV &D\PDQ &KHPLFDO + DQWL3U3
UHVLGXHV  DQWL$'$0 DQWLERG\
$EFDP ( DQWL$ȕ 0HUFN
%LRVFLHQFHV $& DQWLȕDFWLQ DQG V\QDSVLQ
 6LJPD % DQWLKXPDQ V$33D ,PPXQR
%LRORJLFDO /DERUDWRULHV DQWLSKRVSKR6UF
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IDPLO\ NLQDVH 7\U &HOO 6LJQDOOLQJ
7HFKQRORJ\ 3ULPDU\ DQWLERGLHV ZHUH GHWHFWHG
E\ LQFXEDWLRQ ZLWK KRUVHUDGLVK SHUR[LGDVH
FRQMXJDWHG VHFRQGDU\ DQWLERG\ ERWK LQ 3%67
FRQWDLQLQJ  %6$ %RXQG KRUVHUDGLVK
SHUR[LGDVHFRQMXJDWHVZHUHYLVXDOL]HGXVLQJWKH
(&/ GHWHFWLRQ V\VWHP ZLWK D 6\QJHQH *ER[
;7 6\QJHQH 'HQVLWRPHWULF DQDO\VLV ZDV
SHUIRUPHG XVLQJ *HQHWRROV DQDO\VLV VRIWZDUH
6\QJHQH

,PDJH6WUHDP LPDJLQJ F\WRPHWU\ 6+6<<
FHOOV H[SUHVVLQJ 3U3& ZHUH LQFXEDWHG LQ
2SWL0(0 FRQWDLQLQJ *OXWD0$; DQG HLWKHU 
0FDUEDFKROIRUKRU0DFLWUHWLQIRU
K '062 RQO\ WUHDWHG FHOOV ZHUH XVHG IRU
FRPSDULVRQWRWUHDWHGFHOOV&HOOVZHUHFROOHFWHG
LQ 3%6 ZLWKRXW PHWDOV DQG UHFRYHUHG E\
FHQWULIXJDWLRQ[JIRUPLQ$OOVXEVHTXHQW
SURFHGXUHV ZHUH FDUULHG RXW DW R& &HOOV ZHUH
UHVXVSHQGHG LQ EORFNLQJ EXIIHU  GRQNH\
VHUXPLQ3%6FRQWDLQLQJPHWDOVDW[FHOOV
SHU PO DQG LQFXEDWHG LQ SULPDU\ DQWLERG\
6$) IRUKEHIRUHZDVKLQJ WZLFHZLWK3%6
DQG UHFRYHULQJ FHOOV E\ FHQWULIXJDWLRQ &HOOV
ZHUH WKHQ UHVXVSHQGHG LQ EORFNLQJ EXIIHU DQG
LQFXEDWHGZLWKGRQNH\DQWLPRXVH$OH[D)OXRU
 ,QYLWURJHQ IRU  PLQ LQ WKH GDUN &HOOV
ZHUH ZDVKHG WZLFH LQ 3%6 IL[HG LQ  YY
SDUDIRUPDOGHK\GH DQG WKHQ ILQDOO\ UHVXVSHQGHG
LQ3%6EHIRUHDQDO\VLVXVLQJWKH,PDJH6WUHDP;
0N,, LPDJLQJ F\WRPHWHU $PQLV %ULJKWILHOG
IOXRUHVFHQFHDQGGDUN ILHOG VFDWWHU LPDJHVZHUH
FROOHFWHG DW [ PDJQLILFDWLRQ IRU  FHOOV
RYHU  ELRORJLFDO UHSHDWV &HOOV ZHUH LGHQWLILHG
E\WKHDUHDDQGDVSHFWUDWLRSDUDPHWHUV,QIRFXV
FHOOVZHUH LGHQWLILHGDVKDYLQJD*UDGLHQW506
PHDVXUHRI!$OH[D)OXRUHPLVVLRQZDV
JHQHUDWHGE\DQPODVHUVHWWRP:LQWKH
,163,5( VRIWZDUH $PQLV 'DWD ZDV DQDO\VHG
LQ ,'($6 VRIWZDUH $PQLV DQG H[SRUWHG WR
)ORZMRY 7UHH6WDU ,QF WRJHQHUDWHRYHUOD\
KLVWRJUDPV

$ȕROLJRPHUSUHSDUDWLRQ6\QWKHWLFELRWLQ$ȕFRQWDLQLQJDFDUERQ OLQNHUEHWZHHQ WKHELRWLQ
PRLHW\DQGWKH1WHUPLQXVRI$ȕZDVSXUFKDVHG
IURP $QD6SHF 6DQ -RVH 86$ $ȕ2 ZHUH
SUHSDUHG DV GHVFULEHG SUHYLRXVO\  %ULHIO\
$ȕ SHSWLGH ZDV GLVVROYHG LQ 
KH[DIOXRURSURSDQRO WR EUHDN GRZQ DQ\
DJJUHJDWHGPDWHULDOGULHGXQGHUDVWUHDPRI1JDVDQGVWRUHGDW&3HSWLGHILOPVRIELRWLQ
$ȕZHUHGLVVROYHGLQGLPHWK\OVXOIR[LGHWRP0 DQG WKHQ UHVXVSHQGHG LQ +DP¶V )
PHGLXP /RQ]D WR D ILQDO PRQRPHU
FRQFHQWUDWLRQRI0DQG LQFXEDWHG IRU
 K DW URRP WHPSHUDWXUH 7KH SUHSDUDWLRQ ZDV
WKHQ FHQWULIXJHG DW   [ J IRU  PLQ WR
SHOOHW RXW DQ\ ILEULOODU PDWHULDO DQG WKH
VXSHUQDWDQWUHWDLQHGDVWKHROLJRPHUSUHSDUDWLRQ

)OXRUHVFHQFH PLFURVFRS\6+6<< FHOOV ZHUH
FXOWXUHGLQJURZWKPHGLXPWRaFRQIOXHQFH
RQ JODVV FRYHUVOLSV EHIRUH UHTXLUHG LQFXEDWLRQV
DGGLWLRQ RI FDUEDFKRO DFLWUHWLQ RU *,;
DV GHVFULEHG RU $'$0 VL51$ WUHDWPHQWV
ZHUHFDUULHGRXW)RU$E2ELQGLQJH[SHULPHQWV
FHOOV ZHUH LQFXEDWHG ZLWK  Q0 $ȕ2 WRWDO
SHSWLGH FRQFHQWUDWLRQ GLOXWHG LQ 2SWL0(0 IRU
PLQDW&:KHUHLQGLFDWHGDPLQSUH
LQFXEDWLRQJPO'DQWLERG\&RYDQFH
%LR/HJHQG ZDV FDUULHG RXW EHIRUH LQFXEDWLRQ
ZLWK $ȕ2V 3RVWLQFXEDWLRQ FHOOV ZHUH IL[HG
ZLWK  YY SDUDIRUPDOGHK\GH DQG EORFNHG
RYHUQLJKW DW & LQ '3%6 ZLWK  YY ILVK
VNLQ JHODWLQH :KHUH UHTXLUHG FHOOV ZHUH
SHUPHDELOLVHG LQ  7ULWRQ; IRU  PLQ
DWURRPWHPSHUDWXUHEHIRUHEORFNLQJ&RYHUVOLSV
ZHUHVXEVHTXHQWO\LQFXEDWHGIRUKLQWKHVDPH
EXIIHUFRQWDLQLQJSULPDU\DQWLERG\ZDVKHGDQG
WKHQ LQFXEDWHG ZLWK WKH FRUUHVSRQGLQJ
IOXRUHVFHQWO\ODEHOOHG VHFRQGDU\ DQWLERG\ 3U3&
ZDVGHWHFWHGXVLQJ6$)DQWLERG\IROORZHGE\
GRQNH\ DQWLPRXVH $OH[D)OXRU  0$3
ZDV GHWHFWHG ZLWK DQWL0$3 0LOOLSRUH
IROORZHG E\ JRDW DQWLFKLFNHQ $OH[D)ORXU 
&\,J* ,QYLWURJHQ DQG ELRWLQ$ȕ IRU
GHWHFWLRQ RI $E2 XVLQJ 7H[DV 5HGFRQMXJDWHG
VWUHSWDYLGLQ ,QYLWURJHQ 1XFOHL ZHUH
FRXQWHUVWDLQHGE\ZDVKLQJEULHIO\LQ'$3,VWDLQ
DQG FRYHUVOLSV ZHUH PRXQWHG RQWR JODVV VOLGHV
XVLQJ )OXRURPRXQW* 6RXWKHUQ %LRWHFK &HOOV
ZHUH YLVXDOLVHG XVLQJ D 'HOWD9LVLRQ 2SWLFDO
5HVWRUDWLRQ 0LFURVFRS\ 6\VWHP $SSOLHG
3UHFLVLRQ'DWDZHUHFROOHFWHGIURPWZHOYH
PWKLFNRSWLFDOVHFWLRQVDQGWKUHHGLPHQVLRQDO
GDWDVHWVZHUHGHFRQYROYHGXVLQJWKHVRIW:R5[
SURJUDP $SSOLHG 3UHFLVLRQ ,PDJHV DQDO\VHG
ZHUHLQGLYLGXDO]VHFWLRQVWDNHQIURPWKHPLGGOH
RIWKHGDWDVWDFNUHSUHVHQWLQJDVHFWLRQWKURXJK
WKH FHQWUH RI WKH FHOO 7KH QXPEHU RI FHOOV
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DQDO\VHG LV LQGLFDWHG LQ LQGLYLGXDO ILJXUH
OHJHQGV)OXRUHVFHQFHDURXQGWKHFHOOPHPEUDQH
ZDV TXDQWLILHG XVLQJ ,PDJH- VRIWZDUH DV
GHVFULEHG SUHYLRXVO\  7KLV ZDV SORWWHG DV
SL[HO LQWHQVLW\ YHUVXV GLVWDQFH DURXQG WKH FHOO
XVLQJ 0LFURVRIW ([FHO DQG WKHQ WKH SHUFHQWDJH
RI FHOO VXUIDFH ZLWK GHWHFWDEOH VWDLQLQJ ZDV
FDOFXODWHGIURPPXOWLSOHLPDJHV
)RU WKH IOXRUHVFHQFH PLFURVFRS\ RI L36&V
DQG L36&GHULYHG FRUWLFDO QHXURQV FHOOV ZHUH
JURZQ RQ ODPLQLQFRDWHG FRYHUVOLSV IL[HG ZLWK
YYSDUDIRUPDOGHK\GHDQGEORFNHGIRUK
DW URRP WHPSHUDWXUH LQ '3%6 ZLWK  YY
GRQNH\ VHUXP :KHUH UHTXLUHG FHOOV ZHUH
SHUPHDELOLVHGLQ7ULWRQ;IRUPLQDW
URRP WHPSHUDWXUH EHIRUH EORFNLQJ &RYHUVOLSV
ZHUHWKHQLQFXEDWHGZLWKL36&VSHFLILFPDUNHUV
3$; 2FW 66($ DQG QDQRJ $EFDP WR
FKHFNSOXULSRWHQF\DQGQHXURQDOPDUNHUV6DWE
7EU DQG 0$3 $EFDP WR FRQILUP
GLIIHUHQWLDWLRQ (DFK SULPDU\ DQWLERG\ ZDV
GHWHFWHG ZLWK WKH FRUUHVSRQGLQJ VHFRQGDU\
DQWLERG\ $OH[D)ORXU   RU  '$3,
VWDLQ ZDV DSSOLHG DQG FRYHUVOLSV ZHUH PRXQWHG
XVLQJ 3URORQJ JROG FRQWDLQLQJ '$3, 6RXWKHUQ
%LRWHFK&HOOVZHUHYLVXDOLVHGXVLQJDQ(926
)/ &HOO ,PDJLQJ 6\VWHP 7KHUPR )LVFKHU
6FLHQWLILF

T3&5 6+6<< FHOOV H[SUHVVLQJ 3U3& ZHUH
LQFXEDWHG LQ 2SWL0(0 FRQWDLQLQJ *OXWD0$;
DQG  0 DFLWUHWLQ IRU  K '062 RQO\
WUHDWHGFHOOVZHUHXVHGIRUFRPSDULVRQWRWUHDWHG
FHOOV &HOOV ZHUH KDUYHVWHG DQG 51$ ZDV
H[WUDFWHG XVLQJ WKH 51HDV\ SOXV NLW 4,$JHQ
DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV
F'1$ ZDV V\QWKHVLVHG XVLQJ J RI SUHSDUHG
51$ XVLQJ WKH L6FULSW F'1$ V\QWKHVLV NLW
%LR5DG DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V
LQVWUXFWLRQV 7KH P51$ H[SUHVVLRQ OHYHO RI
$'$0 ZDV DQDO\VHG E\ UHDO WLPH T3&5
XVLQJ WKH 6<%5 JUHHQ PHWKRG $SSOLHG
%LRV\VWHPV ZLWK WKH VHQVH DQG DQWLVHQVH
SULPHUVSUHYLRXVO\ UHSRUWHG 6DPSOHVZHUH
DQDO\VHG LQ WULSOLFDWH RQ D 4XDQWVWXGLR  /LIH
7HFKQRORJLHV DQG UHODWLYH H[SUHVVLRQ ZDV
FDOFXODWHGXVLQJULERVRPDOT3&5DVWKHFRQWURO


0XOWLSOH[ LPPXQRDVVD\ $ȕ DQG $ȕ ZHUH
PHDVXUHGXVLQJWKH93/(;$ȕSHSWLGHSDQHO
( DVVD\ 0HVR 6FDOH 'LVFRYHU\ 06'
.( V$33Į DQG V$33ȕ ZHUH PHDVXUHG
XVLQJ WKH V$33ĮV$33ȕ PXOWLSOH[ DVVD\ NLW
06' .( DFFRUGLQJ WR WKH
PDQXIDFWXUHU¶V LQVWUXFWLRQV  $VVD\ SODWHV ZHUH
EORFNHG DQG FRQGLWLRQHG FHOO PHGLXP VDPSOHV
DQG VWDQGDUGV EXIIHUHG ZLWK  P0 +(3(6
S+ WRD ILQDOFRQFHQWUDWLRQRIP0ZHUH
ORDGHG LQ GXSOLFDWH  )ROORZLQJ ZDVKLQJ DQG
VHFRQGDU\DQWLERG\LQFXEDWLRQDVVD\VZHUHUHDG
XVLQJ WKH 0(62 48,&.3/(; 64  DQG
DQDO\VHG XVLQJ 06' :RUNEHQFK  VRIWZDUH
7KH SURWHLQ FRQFHQWUDWLRQ RI WKH FRQGLWLRQHG
PHGLXP ZDV GHWHUPLQHG E\ ELFLQFKRQLQLF DFLG
DVVD\ DQG V$33Į V$33ȕ DQG $ȕ OHYHOV
FRUUHFWHGIRUWRWDOSURWHLQFRQFHQWUDWLRQ

526 DVVD\ )RU WKH GHWHFWLRQ RI 526 LQ FHOOV
+2 SURGXFWLRQ ZDV PHDVXUHG ZLWK WKH 526
*OR+2DVVD\V\VWHP3URPHJD6+6<<FHOOV H[SUHVVLQJ 3U3& ZHUH VHHGHG RQWR EODFN
ZDOOHGFOHDUERWWRPZHOOSODWHVDQGDOORZHG
WRDGKHUHRYHUQLJKW&HOOVZHUHWKHQLQFXEDWHG
 P0 DFLWUHWLQ GLOXWHG LQ 2SWL0(0 IRU  K
EHIRUH LQFXEDWLRQ ZLWK RU ZLWKRXW $ȕ2 
Q0 LQ WKH SUHVHQFH RI  0 PHQDGLRQH
6LJPD DQG WKH +2 VXEVWUDWH DW R& IRU 
PLQ 526*OR GHWHFWLRQ VROXWLRQ DQG VLJQDO
HQKDQFHU ZHUH WKHQ DGGHG DQG DIWHU  PLQ
LQFXEDWLRQ DW URRP WHPSHUDWXUH OXPLQHVFHQFH
ZDV PHDVXUHG ZLWK D 6\QHUJ\ +7 %LR7HN
IOXRULPHWHU XVLQJ *HQ VRIWZDUH )RU
H[SHULPHQWV ZLWK FRUWLFDO QHXURQV WKH DERYH
PHWKRG ZDV XVHG ZLWK WKH IROORZLQJ
PRGLILFDWLRQV FHOOV ZHUH SODWHG DW G DQG
FXOWXUHG XQWLO G )ROORZLQJ DFLWUHWLQ
LQFXEDWLRQ%6$ZDVDGGHG WR FHOO FXOWXUHV
IRUPLQ WREORFN WKHQRQVSHFLILFELQGLQJRI
$ȕ2WRWKHODPLQLQFRDWLQJRQWKHSODWHVSULRUWR
LQFXEDWLRQZLWK0$ȕ2V

6WDWLVWLFDODQDO\VLV'DWDZHUHDQDO\VHGDVVWDWHG
LQ WKH ILJXUH OHJHQGV DQG Q QXPEHUV DUH
VSHFLILHG )RU VWDWLVWLFDO DQDO\VLV GDWD ZHUH
DQDO\VHGXVLQJ*UDSK3DG3ULVP$QRUPDO
GLVWULEXWLRQ ZDV DVVXPHG IRU DOO FHOO GDWD DV
PHDQYDOXHVZHUHUHFRUGHGIURPDSRSXODWLRQRI
FHOOVEDVHGRQWKHDVVXPSWLRQWKDWFHOOVIURPD
FORQDO SRSXODWLRQ ZLOO UHVSRQG LQ D VLPLODU
PDQQHUDQGWKHUHIRUHSDUDPHWULFDQDO\VHVZHUH
SHUIRUPHG )RU FRPSDULVRQ EHWZHHQ WZR GDWD
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VHWV DQ LQGHSHQGHQW WWHVW ZDV DSSOLHG ZLWK
:HOFK¶V FRUUHFWLRQ HTXDO VWDQGDUG GHYLDWLRQV
QRW DVVXPHG )RU WKH UDW SULPDU\ KLSSRFDPSDO
QHXURQGDWDDD0DQQ:KLWQH\8WHVWZDVXVHG
WR FRPSDUH EHWZHHQ JURXSV DV D QRUPDO
GLVWULEXWLRQFRXOGQRWEHDVVXPHGRUGHWHUPLQHG
IURPWKHVDPSOHVL]H)RUPXOWLSOHFRPSDULVRQD
RQHZD\ $129$ ZLWK 7XNH\¶V SRVWKRF
FRUUHFWLRQ IRU SDLUZLVH FRPSDULVRQV ZDV XVHG
'DWDDUHVKRZQDVPHDQ6(0DQGSZDV
FRQVLGHUHGVLJQLILFDQW/HYHOVRIVLJQLILFDQFHDUH
GHILQHG LQ WKH ILJXUH OHJHQGV

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$FNQRZOHGJHPHQWV:HJUDWHIXOO\DFNQRZOHGJHWKHILQDQFLDOVXSSRUWRI$O]KHLPHU¶V5HVHDUFK8.
3*WKH0HGLFDO5HVHDUFK&RXQFLO0&B3&B0510500&(;
051;WKH'U'RQDOG'HDQ)XQGLQ'HPHQWLD5HVHDUFKDQGWKH8QLYHUVLW\RI0DQFKHVWHU
7KH%LRLPDJLQJ)DFLOLW\PLFURVFRSHVXVHGLQWKLVVWXG\ZHUHSXUFKDVHGZLWKJUDQWVIURP%%65&
:HOOFRPHDQGWKH8QLYHUVLW\RI0DQFKHVWHU6WUDWHJLF)XQG7KH,PDJHVWUHDP;0N,,XVHGLQWKLVVWXG\
ZDVSXUFKDVHGZLWKIXQGLQJIURPWKH0HGLFDO5HVHDUFK&RXQFLODQGDFFHVVHGWKURXJKWKH8QLYHUVLW\RI
0DQFKHVWHU)ORZ&\WRPHWU\&RUH)DFLOLW\1RQHRIWKHIXQGLQJERGLHVKDGDQ\UROHLQWKHGHVLJQRIWKH
VWXG\WKHFROOHFWLRQDQDO\VLVRULQWHUSUHWDWLRQRIWKHGDWDRULQWKHZULWLQJRIWKHPDQXVFULSW

&RQIOLFWRILQWHUHVW7KHDXWKRUVGHFODUHWKDWWKH\KDYHQRFRQIOLFWVRILQWHUHVWZLWKWKHFRQWHQWVRIWKLV
DUWLFOH

$XWKRUV
FRQWULEXWLRQV++-*.$%.DQG10+GHVLJQHGWKHVWXG\++-*1-&+$5.)$&-
*-+-%DQG.$%.SHUIRUPHGWKHUHVHDUFK6$&6&DQG0=&SURYLGHGUHDJHQWV++-*1-&.)
*-+.$%.DQG10+DQDO\VHGWKHGDWD++-*.$%.DQG10+ZURWHWKHSDSHU$OODXWKRUVUHDGDQG
DSSURYHGWKHILQDOPDQXVFULSW


 
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5()(5(1&(6
 %OHQQRZ.GH/HRQ0-DQG=HWWHUEHUJ+$O]KHLPHU
VGLVHDVH/DQFHW
 'H6WURRSHU%DQG.DUUDQ(7KH&HOOXODU3KDVHRI$O]KHLPHU
V'LVHDVH&HOO

 9LROD./DQG.OHLQ:/$P\ORLGEHWDROLJRPHUVLQ$O]KHLPHU
VGLVHDVH
SDWKRJHQHVLVWUHDWPHQWDQGGLDJQRVLV$FWD1HXURSDWKRO
 -DURV]*ULIILWKV++1REOH(5XVKZRUWK-9DQG+RRSHU10$P\ORLGEHWD
5HFHSWRUV7KH*RRGWKH%DGDQGWKH3ULRQ3URWHLQ-%LRO&KHP
 6DOD]DU69DQG6WULWWPDWWHU60&HOOXODUSULRQSURWHLQDVDUHFHSWRUIRUDP\ORLGEHWD
ROLJRPHUVLQ$O]KHLPHU
VGLVHDVH%LRFKHP%LRSK\V5HV&RPPXQ
 /DXUHQ-*LPEHO'$1\JDDUG+%*LOEHUW-:DQG6WULWWPDWWHU60&HOOXODU
SULRQSURWHLQPHGLDWHVLPSDLUPHQWRIV\QDSWLFSODVWLFLW\E\DP\ORLGEHWDROLJRPHUV1DWXUH

 *LPEHO'$1\JDDUG+%&RIIH\((*XQWKHU(&/DXUHQ-*LPEHO=$DQG
6WULWWPDWWHU600HPRU\LPSDLUPHQWLQWUDQVJHQLF$O]KHLPHUPLFHUHTXLUHVFHOOXODU
SULRQSURWHLQ-1HXURVFL
 .RVW\OHY0$.DXIPDQ$&1\JDDUG+%3DWHO3+DDV/7*XQWKHU(&
9RUWPH\HU$DQG6WULWWPDWWHU603ULRQ3URWHLQLQWHUDFWLQJ$P\ORLGEHWD2OLJRPHUV
RI+LJK0ROHFXODU:HLJKW$UH7LJKWO\&RUUHODWHGZLWK0HPRU\,PSDLUPHQWLQ0XOWLSOH
$O]KHLPHU0RXVH0RGHOV-%LRO&KHP
 /DUVRQ06KHUPDQ0$$PDU)1XYRORQH06FKQHLGHU-$%HQQHWW'$$JX]]L
$DQG/HVQH6(7KH&RPSOH[3U3F)\Q&RXSOHV+XPDQ2OLJRPHULF$EHWDZLWK
3DWKRORJLFDO7DX&KDQJHVLQ$O]KHLPHU
V'LVHDVH-1HXURVFL
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QHFURVLVIDFWRUDOSKD%LRFKHPLVWU\
 &DQHW$YLOHV50$QGHUWRQ0+RRSHU107XUQHU$-DQG9DXJKDQ3)
0XVFDULQHHQKDQFHVVROXEOHDP\ORLGSUHFXUVRUSURWHLQVHFUHWLRQLQKXPDQQHXUREODVWRPD6+
6<<E\DSDWKZD\GHSHQGHQWRQSURWHLQNLQDVH&DOSKDVUFW\URVLQHNLQDVHDQGH[WUDFHOOXODU
VLJQDOUHJXODWHGNLQDVHEXWQRWSKRVSKROLSDVH&%UDLQ5HV0RO%UDLQ5HV
 7LSSPDQQ)+XQGW-6FKQHLGHU$(QGUHV.DQG)DKUHQKRO])8SUHJXODWLRQRI
WKHDOSKDVHFUHWDVH$'$0E\UHWLQRLFDFLGUHFHSWRUVDQGDFLWUHWLQ)$6(%-
 7D\ORU'53DUNLQ(7&RFNOLQ6/$XOW-5$VKFURIW$(7XUQHU$-DQG+RRSHU
10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3HUH](DQG&KHFOHU)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$O]KHLPHU
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'LV
 +RH\6(:LOOLDPV5-DQG3HUNLQWRQ066\QDSWLF10'$5HFHSWRU$FWLYDWLRQ
6WLPXODWHV^DOSKD`6HFUHWDVH$P\ORLG3UHFXUVRU3URWHLQ3URFHVVLQJDQG,QKLELWV$P\ORLG^EHWD`
3URGXFWLRQ-1HXURVFL
 0RVV0/3RZHOO*0LOOHU0$(GZDUGV/4L%6DQJ4;$'H6WURRSHU%
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3ULRQSURWHLQIDFLOLWDWHVXSWDNHRI]LQFLQWRQHXURQDOFHOOV1DW
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 7D\ORU'5:DWW173HUHUD:6DQG+RRSHU10$VVLJQLQJIXQFWLRQVWR
GLVWLQFWUHJLRQVRIWKH1WHUPLQXVRIWKHSULRQSURWHLQWKDWDUHLQYROYHGLQLWVFRSSHUVWLPXODWHG
FODWKULQGHSHQGHQWHQGRF\WRVLV-&HOO6FL
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)227127(6
/LVW RI DEEUHYLDWLRQV $ȕ2 DP\ORLGȕ ROLJRPHUV $' $O]KHLPHU¶V GLVHDVH $33 DP\ORLG SUHFXUVRU
SURWHLQ$'$0DGLVLQWHJULQDQGPHWDOORSURWHDVH%$&(ȕVLWH$33FOHDYLQJHQ]\PHL36&
LQGXFHGSOXULSRWHQWVWHPFHOO/73ORQJWHUPSRWHQWLDWLRQ10'$1PHWK\O'DVSDUWDWH3U3&FHOOXODU
SULRQ SURWHLQ 526 UHDFWLYH R[\JHQ VSHFLHV V$33Į VROXEOH $33 IUDJPHQW SURGXFHG E\ ĮVHFUHWDVH
FOHDYDJHV$33ȕVROXEOHV$33ȕSURGXFHGE\ȕVHFUHWDVHFOHDYDJH


)LJXUHOHJHQGV
)LJXUH3URPRWLQJWKHVKHGGLQJRI3U3&GHFUHDVHV$ȕ2ELQGLQJLQDQ$'$0GHSHQGHQW
PDQQHU$,PPXQREORWVRIV3U3&DQGV$33ĮLQFRQFHQWUDWHGFRQGLWLRQHGPHGLDDQGRI$'$0
3U3&$33DQGDFWLQLQFHOOO\VDWHVIURP6+6<<FHOOVH[SUHVVLQJ3U3&LQFXEDWHGFDUEDFKRO&FK
0DQG*,;*,P0LQ2SWL0(0IRUKDWR&%V3U3&&V$33ĮDQG
'$'$0LPPXQREORWVZHUHTXDQWLILHGDQGDUHUHSUHVHQWHGDVDSHUFHQWDJHRIFRQWUROQ (
,PDJH6WUHDPLPDJLQJF\WRPHWU\DQDO\VLVVKRZLQJQHJDWLYH1PLG0DQGKLJK+OHYHOVRIFHOO
VXUIDFH3U3&H[SUHVVLRQLQ6+6<<FHOOVH[SUHVVLQJ3U3&LQFXEDWHGZLWKRXWEOXHDQGZLWKUHG
FDUEDFKRO&FK0),PPXQRIOXRUHVHQFHPLFURVFRS\LPDJHVVKRZLQJVWDLQLQJRI3U3&JUHHQDQG
$ȕELRWLQUHGLQQRQSHUPHDELOLVHG6+6<<FHOOVH[SUHVVLQJ3U3&LQFXEDWHGFDUEDFKROP0LQ
2SWL0(0IRUKDWR&IROORZHGE\LQFXEDWLRQZLWK$ȕ2Q0IRUPLQDWURRPWHPSHUDWXUH
6FDOHEDU P*4XDQWLILFDWLRQRI3U3&FHOOVXUIDFHVWDLQLQJQ DQG$E2FHOOVXUIDFHELQGLQJ
Q +,PPXQREORWRI3U3&LQFHOOO\VDWHVDPSOHVSUHSDUHGIURP6+6<<FHOOVH[SUHVVLQJ3U3&
LQFXEDWHGFDUEDFKROP0DQGWUHDWHGZLWKRXWRUZLWK1JO\FDQDVHIRUKDWR&,
4XDQWLILFDWLRQRIGHJO\FRV\ODWHGIXOOOHQJWK)/DQG&3U3&VSHFLHVH[SUHVVHGDVUDWLRRI)/&Q 
6WDWLVWLFDODQDO\VHVRQHZD\$129$ZLWK7XNH\¶VSRVWKRFFRUUHFWLRQIRUPXOWLSOHFRPSDULVRQGDWDRU
LQGHSHQGHQWWWHVWZLWK:HOFK¶VFRUUHFWLRQIRUWZRVDPSOHFRPSDULVRQ'DWDVKRZQDVPHDQ6(0QV
QRWVLJQLILFDQWSSS

)LJXUH.QRFNGRZQRI$'$0UHGXFHVWKHVKHGGLQJRI3U3&DQGLQFUHDVHV$E2ELQGLQJ$
,PPXQREORWVRI$'$0SURSDQGPDWXUHPIRUPV3U3&$33DQGDFWLQLQFHOOO\VDWHVDQGRI
V3U3&DQGV$33ĮLQFRQFHQWUDWHGFRQGLWLRQHGPHGLDIURP6+6<<FHOOVH[SUHVVLQJ3U3&LQFXEDWHGZLWK
HLWKHUVL51$WDUJHWHGDJDLQVW$'$0'KDUPDFRQVPDUWSRRORUDQRQWDUJHWLQJVL51$FRQWURO
IRUKIROORZHGE\LQFXEDWLRQZLWK2SWL0(0IRUDIXUWKHUK%$'$0&3U3&DQGV3U3&DQG
'$33DQGV$33DLPPXQREORWVZHUHTXDQWLILHGDQGDUHUHSUHVHQWHGDVDSHUFHQWDJHRIFRQWUROQ 
(,PPXQRIOXRUHVFHQFHPLFURVFRS\LPDJHVVKRZLQJVWDLQLQJRI3U3&JUHHQDQG$ȕELRWLQUHGLQQRQ
SHUPHDELOLVHG6+6<<FHOOVH[SUHVVLQJ3U3&IROORZLQJVL51$WUHDWPHQWWDUJHWHGDJDLQVW$'$0DQG
LQFXEDWLRQLQWKHDEVHQFHRUSUHVHQFHRIWKH3U3&DQWLERG\'IRUPLQDWR&IROORZHGE\$ȕ2
LQFXEDWLRQQ0IRUPLQDWURRPWHPSHUDWXUH6FDOHEDU P)4XDQWLILFDWLRQRI3U3&FHOO
VXUIDFHVWDLQLQJQ DQG*$E2ELQGLQJWRFHOOVQ 6WDWLVWLFDODQDO\VHVRQHZD\$129$ZLWK
7XNH\¶VSRVWKRFFRUUHFWLRQIRUPXOWLSOHFRPSDULVRQGDWDRULQGHSHQGHQWWWHVWZLWK:HOFK¶VFRUUHFWLRQ
IRUWZRVDPSOHFRPSDULVRQ'DWDVKRZQDVPHDQ6(0QVQRWVLJQLILFDQWSS
S

)LJXUH.QRFNGRZQRI$'$0ZLWKDQLQGHSHQGHQWVL51$VHTXHQFHUHGXFHVWKHVKHGGLQJRI
3U3&DQGLQFUHDVHV$E2ELQGLQJ$,PPXQREORWVRI$'$0SURSDQGPDWXUHPIRUPV3U3&
$33DQGDFWLQLQFHOOO\VDWHVDQGRIV3U3&DQGV$33ĮLQFRQFHQWUDWHGFRQGLWLRQHGPHGLDIURP6+6<<
FHOOVH[SUHVVLQJ3U3&LQFXEDWHGZLWKHLWKHUVL51$WDUJHWHGDJDLQVW$'$0$PELRQVLQJOH
VL51$RUDQRQWDUJHWLQJVL51$FRQWUROIRUKIROORZHGE\LQFXEDWLRQZLWK2SWL0(0IRUDIXUWKHU
K%$'$0&3U3&DQGV3U3&DQG'$33DQGV$33DLPPXQREORWVZHUHTXDQWLILHGDQGDUH
UHSUHVHQWHGDVDSHUFHQWDJHRIFRQWUROQ (,PPXQRIOXRUHVFHQFHPLFURVFRS\LPDJHVVKRZLQJ
VWDLQLQJRI3U3&JUHHQDQG$ȕELRWLQUHGLQQRQSHUPHDELOLVHG6+6<<FHOOVH[SUHVVLQJ3U3&
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IROORZLQJVL51$WUHDWPHQWWDUJHWHGDJDLQVW$'$0DQGLQFXEDWLRQLQWKHDEVHQFHRUSUHVHQFHRIWKH
3U3&DQWLERG\'IRUPLQDWR&IROORZHGE\$ȕ2LQFXEDWLRQQ0IRUPLQDWURRP
WHPSHUDWXUH6FDOHEDU P)4XDQWLILFDWLRQRI3U3&FHOOVXUIDFHVWDLQLQJQ DQG*$E2ELQGLQJ
WRFHOOVQ 6WDWLVWLFDODQDO\VHVRQHZD\$129$ZLWK7XNH\¶VSRVWKRFFRUUHFWLRQIRUPXOWLSOH
FRPSDULVRQGDWDRULQGHSHQGHQWWWHVWZLWK:HOFK¶VFRUUHFWLRQIRUWZRVDPSOHFRPSDULVRQ'DWDVKRZQ
DVPHDQ6(0QVQRWVLJQLILFDQWSSS

)LJXUH$'$0IDLOVWRLQFUHDVH$E2ELQGLQJLQFHOOVODFNLQJ3U3&,PPXQREORWVRI$'$0
DQGDFWLQLQFHOOO\VDWHVDQGRIV$33ĮLQFRQFHQWUDWHGFRQGLWLRQHGPHGLDIURPXQWUDQVIHFWHG6+6<<
FHOOVZKLFKODFNHQGRJHQRXV3U3&LQFXEDWHGZLWKHLWKHUVL51$WDUJHWHGDJDLQVW$'$0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